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Description 

BACKGROUND OF THE INVENTION 

s Tumor necrosis factors are a class of proteins produced by numerous cell-types, including monocytes and mac- 

rophages. At least two TNFs have been previously described specifically TNF alpha and TNF beta (lymphotoxin). 

These known TNFs have important physiological effects on a number of different target cells involved in the in- 
flammatory response. The proteins cause both fibroblasts and synovial cells to secrete latent coftagenase and pros- 
taglandin E2, and cause osteoblastic celle to carry out bone resorption. These proteins increase the surface adhesive 

to properties of endothelial cells for neutrophils. They also cause endothelial cells to secrete coagulant activity and reduce 
their ability to lyse clots. In addition they redirect the activity of adipocytes away from the storage of lipids by inhibiting 
expression of the enzyme lipoprotein lipase, TNFs cause hepatocytes to synthesize a class of proteins known as "acute 
phase reactants" and they act on the hypothalamus as pyrogens. Through these activities, ii has been seen that TNFs 
play an important part in an organism's response lo stress, to infection, and to injury. See, e.g. , articles by P. J. Selby 

15 et al . in Lancet, Feb. 27, 1398, pg. 483; H.F Stames, Jr. at a I. in J. Clin. Invest. 62: 1321 (1988); A. Oliff et al. in Cell 
50:555 (1987); and A. Waaoe et al. in Lancet, Feb. 14, 1987, pg. 355. 

However, despite their normally beneficial effects, circumstances have come to light in which the actions of TNFs 
are harmful. For example, TNF alpha injected into animals gives rise to the symptoms of septic shock; endogenous 
TNF levels have been observed to increase following injection of bacteria or bacterial cell walls. TNFs also cause bowet 

20 necrosis and acute lung injury, and they stimulate the catabolism ol muscle protein. In addition, the ability of TNFs to 
increase the level of collagenase in an arthritic joint and to direct the chemotaxis and migration of leukocytes and 
lymphocytes may also be responsible for the degradation of cartilage and the proliferation of the synovial tissue in this 
disease. Therefore, TNFs may serve as mediators of both the acute and chronic stages of immunopathology in rheu- 
matoid arthritis. TNFs may also be responsible for some disorders of blood cloning through altering endothelial cell 

25 function. Moreover, excessive TNF production has been demonstrated in patients with AIDS and may be responsible 
for some of the fever : acute phase response and cachexia seen with this disease and with leukemias. 

In these and other circumstances in which TNF has a harmful effect, there is clearly a clinical use for an inhibitor 
of TNF action. Systemically administered. TNF inhibitors would be useful therapeutics against septic shock and cachex- 
ia. Locally applied, such TNF inhibitors would serve to prevent tissue destruction in an inflamed joint and other sites 

30 of inflammation. Indeed, such TNF inhibitors could be even more effective when administered in conjunction with 
interleukin-l (IL-1) inhibitors. 

One possibility for therapeutic intervention against the action of TNF is at the level of the target cell's response to 
the protein. TNF appears to act on cells through a classical receptor-mediated pathway. Thus : any molecule which 
interferes with the ability of TNF to bind to its receptors either by blocking the receptor or by blocking the TNF would 
35 regulate TNF action. For these reasons, proteins and small molecules capable of inhibiting TNF in this manner have 
been sought 

In EP-A-308378, a TNF inhibitory protein originating from human urine and behaving as having an apparent mo- 
lecular weight of 40 to 80 kDa on an Ultiogel ACA 44 gel filtration column is disclosed. When analysed on SDS PAGE 
under reducing conditions, the protein has a molecular weight of 26 to 28 kDa. The N-terminus of the protein was 
40 determined to have the following amino acid sequence: Asp-Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-lle-His-Pro-Gln-X-Asn- 
Ser. 

A protein having the N-terminal amino acid sequence Asp-Ser-Val-Cys-Pro was also disclosed by Engelmann et 
al. , J. Biol Chem. 264, 1 989, pp 11 974-1 1980. The protein was shown to be a TNF inhibitor having an apparent molecular 
weight of 27,000 kDa on SDS-PAGE under reducing and non-reducing conditions. The protein interfered with the 
*s binding of TNF alpha and TNF beta. Specific binding of the protein to TNF alpha and to a lesser extent to TNF beta 
was observed. 

Seckinger et al., J. Biol. Chem. 264, 1939, pp 11966-11973, disclose a TNF alpha inhibitor migrating with an 
apparent molecular weight of 43,000 kDa under reducing and non-reducing conditions. No amino acid sequence is 
provided. Further, DE-A-3910323 discloses a TNF alpha inhibitor having a molecular weight of 40 lo 60 kDa when 
50 determined by molecular sieve chromatography and of 33 kDa as determined by SDS-PAGE. The N-terminal amino 
acid sequence was determined to be Asp-Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-lle-His-Pro-Gln-Cys-Asn-Ser-ile. 

In a further publication, Engelmann et al. (J. Biol. Chem. 265, 1990, pp 1531-1536) disclose two TNF inhibitors 
both having a molecular weight of about 30,000 kDa. The N-terminal sequence of these proteins are determined to be 
(i) Asp-Ser-Val-Cys-Pro and (ii) Val-Ala-Phe-Thr-Pro, with sequence (i) being invariable and sequence (ii) being trun- 
ks cated to varying degrees to result in proteins having the N-terminal sequences Thr-Pro and Phe-Thr-Pro. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide purified forms of TNF inhibitor which are active against TNF alpha 
to enable the determination of their amino acid sequence. An additional object is to provide further TNF inhibitory 
5 molecules. 

A further object is to provide the amino acid sequences of certain TNF inhibitors. In addition it is an object of this 
invention to provide a cellular source of the mRNA coding for TNF inhibitors and a cDNA library containing a cDNA for 
the inhibitors. Furthermore, it is an object of this invention to provide a genomic clone of DNA coding for the TNF 
inhibitors, and the coding sequences of that DNA. 
to The identification of biologically-active analogs of such TNF inhibitors with enhanced or equivalent properties is 

also one ol the objects of the invention. 

Additionally, it is an object of this invention to provide a recombinant-DNA system for the production of the TNF 
inhibitor described herein. A further object of the present invention includes providing purified forms ol TNF inhibitor 
which would be valuable as pharmaceutical preparations exhibiting activity against TNF. Another object of Ihe present 
*5 invention includes providing purified combinations of TNF inhibitors and IL-1 inhibitors which are valuable as pharma- 
ceutical preparations exhibiting activity against both IL-1 and TNF. 

The inventors of the present invention have isolated at least two TNF inhibitor proteins with TNF-inhibiting prop- 
erties. A 30kDa protein and a 40kDa protein have been obtained in their purified forms. The amino acid sequence ol 
the 30kDa TNF inhibitor protein has been obtained. The amino acid sequence data of the 40kDa TNF inhibitor protein 
20 has also been obtained. The 40kDa TNF inhibitor is a novel, previously undescribod protein. 

A human genomic DNA clone which contains the gene for the 30kDa protein has been obtained. A cell source of 
this protein has been identified and a cDNA clone has been obtained and the nucleic acid sequence of the gene for 
the protein determined. In addition, the gene clone has been placed in a vector which has been found to express the 
protein in host cells. Also a process has been developed for purifying the protein in an active lorm. 
25 a cell source has been identified which produces the 40kDa protein and a cDNA clone has been obtained and 

the nucleic acid sequence determined of the gene for the 40kDa protein. The full cDNA clones encoding for both the 
30kDa TNF inhibitor precursor and the 40kDa TNF inhibitor precursor have been expressed in mammalian cells to 
yield an increase in TNF binding sites on the cell surface. 

A gene coding for the mature form of the 30kDa protein has been expressed in E. Coli. Three separate genes 
30 coding for all or portions of the mature 40kDa protein have also been expressed in E. Coli . The three 40kDa Inhibitor 
proteins expressed- mature 40kDa TNF inhibitor, 40kDa TNF inhibitor A51 and 40kDa TNF inhibitor A53--each exhibit 
TNF inhibiting activity. Mature 40k0a TNF inhibitor, as isolated from medium conditioned by human U937 cells, and 
40kDa TNF inhibitor A 51 and 40kDa TNF inhibitor A53 : are collectively referred to as 40kDa TNF inhibitor. 

The 30kDa TNF inhibitor has shown activity in inhibiting TNF alpha. The 40kDa TNF inhibitor has shown inhibitory 
35 action against both TNF alpha and TNF beta. 

tt will now be possible to perform the large scale production of these TNF inhibitors through recombinant DNA 
technology. These inhibitors should be suitable for use in pharmaceutical formulations useful in treating pathophysio- 
logical conditions mediated by TNF 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 describes a cytotoxicity assay for TNF in the absence (-.-.) and in the presence (-x-x-) of TNF inhibitor 
(30kDa). Various concentrations of TNF were incubated with and without TNF inhibitor (30kDa), and the cytotoxicity 
assay was performed as described in Example 1 . 
45 Figure 2 describas a native gel shirt assay in which 'a' depicts TNF alono, and "b" depicts TNF + TNF inhibitor 

(30kDa) 

Figure 3 describes Con A-Peroxidase staining of TNF inhibitor (30kDa). About 200 ng of each protein were run 
cn 14%SDS-PAGE, and transferred to nitrocellulose filter. Glycoproteins were identified using Con A-pe rax idase stain- 
ing. In this figure, "a" depicts a molecular weight marker, "b" depicts Ovalbjmin. "c" depicts bovine serum albumin, 
so f?nd "d" depicts TNF inhibitor (30kDa). 

Figure 4 describes chemical deglycosylation of TNF inhibitor (3CkDa). About 200 ng of TNF inhibitor (30kDa) were 
chemically deglycosylated (lane C) as described in Example 1. . 

Figure 5 describes N-glycanase treatment of TNF inhibitor (30kDa). Purified ~NF inhibitor (GOkDa) was iodinated 
by Bolton -Hunter reagent, arid denatured-iodinated TNF inhibitor (30kDa) was treated with N-glycanase for 6 hours at 
55 37C. In this figura "a 1 depicts native TNF inhibitor (20kDa), and V depicts deglycosylated TNF inhibitor (30kDa). 

Figure 6A describes an OD 28 o profile of the DEAE Sepharose CL-6B chromatography of 20 1 urine. 

Figure 6B describes an autoradiograph of the corresponding native gel shilt assay indicating a peak of TNF inhibitor 
(30kDa) at fraction 57-33, which is about SOmM NaCI. 
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Figure 7 describes an OD 2eo profile of the 0.05 M Na Phosphate pH 2.5 elution from the TNF affinity column. 

Figure 8A and 8C describe chromatographic profiles (OD^ and OD 2 go) of Ihe RP8 purification of the TNF inhibitor 
(30kDa) with the L92R bioassay of fractions from the RP8 column showing a peak ol TNF inhibitor (30kDa) at fractions 
28-31 which is about 18% acetonitrile and at fractions 35 and 36 which is about 21% acetonitrile. 
5 Figure 8B describes a silver stained 1 5% SDS-PAGE cf the RP8 pool showing a single band at 30kDa. 

Figure 9A describes a peptide purification ol Lys-C digestion of TNF inhibitor (30kDa). 

Figure 9 B describes a peptide purification of alkylated i*) Lys-C digests of TNF inhibitor (SOkDa). 

Figure 10 describes a peptide purification of two alkylated {*) Asp-N digests of "NF inhibitor (30kDa). 

Figures 11 A and 11 B describe peptide purifications of an endopeptidase V8 digest of reduced carboxymethylated 
TO TNF inhibitor (30kDa). 

Figure 1 2 describes amino acid sequences present in TNF inhibitor (SOkDa). Blanks in the sequence indicate the 
residue has not been unambiguously identified by protein sequencing. C* indicates the identification of carboxymeth- 
ylcysteine by the presence of 3 H in the residue. 

Figure 13 describes the DNA sequence of a genomic clone encoding at least a portion of a TNF inhibitor (30kDa). 

Figure 1 4 describes at least 70% of the mature amino acid sequence of a preferred ~NF inhibitor. 

Figure 1 5 describes detection of TNF inhibitor in U937 supernatant by the gel shift assay. 

Figure 18 described detection of TNF inhibitor in hplc fractions from U937 supernatant. 

Figure 1 7 described the Northern blot according to Example 4. 

Figure 18 described the deglycosylated TNF inhibitor (3GkDa) binding to TNF. Glycosylated and deglycosylated 
20 TNF inhibitor were incubated with TNF aftigcl, and flow through materials and cluatcs of the gel were analysed on 
SDS-PAGE. In this figure, (11) indicated fiow through of TNF-INH, reduced and oxidized : (21) indicated flow through 
of deglycosylated TNF-INH, reduced and oxidized, (51 ) indicates flow through ol native TNF-INH, (1 2) indicates eluate 
of TNF-INH, reduced and oxidized, (22) indicates eluate ol deglyccslyiated TN'F-tNH, reduced and oxidized, and (52) 
indicates eluate of native TNF-INH. 
25 Figure 1 9 describes the complete amino acid sequence of the 30kDa TNF inhibitor. 

Figure 20 describes the cDNA sequence encoding the amino acid sequence shown in Figure 16 

Figure 21 describes the entire cDNA sequence for the precursor of ihe 30kDa TNF inhibitor. 

Figure 22 describes the DNA secuence near the start ol the TNF inhibitor (SOkDa) gene in ptasrnid PTNFIX-1 . 

Figure 23 describes the plasmid pCMVXV beta TNFBP stop A. 
30 Figure 24 describes the plasmid pSVXVTNFBP stop A. 

Figure 25 describes a chromatographic profile ODg 15 of the RP8 column of the 30kDa TNF inhibitor from E. Coli. 
The L929 bioassay results arc also shown (-x-x). 

Figure 26 describes a silver stained 14% SDS-PAGE cf the RP8 Fractions in Figure 25. 

Figure 27 descries a chromatographic profile OD 2) 5 of the RP8 purification of the TNF inhibitors from U937 cells. 
35 The L929 biassey results are also shown with a bar graph. Two distinctive TNF inhibitor peaks are seen. 

Figure 28 described a silver stained 1 4% SDS-PAGE of the RP8 fractions. Fraction number 30 contains the 30kDa 
TNF inhibitor and fraction number 35 contains the 40kDa TNF inhibitor. 

Figure 29 described a chromatographic profile OD 2l s o* : the purification of urinary 40kDa TNF inhibitor. The second 
TNF inhibitory peak from several RPB chromatographies were combined and reanalyzed on an RP8 column. TNF- 
40 inhibitory activity is shown with a bar graph. The difference between the OD 2 is peak and the activity peak reflects the 
dead volume between the detector and the fraction collector. 

Figure 30 describes a silver stained 14% SDS-PAGE of the RP9 fractions of urine. Fraction number 32 contains 
the 40kDa TNF inhibitor. 

Figure 31 describes the amino terminal sequences of U937 derived inhibitors (30kDa and 40kDa) t and urino- 
us derived 40kDa TNF inhibitor. 

Figure 32 describes a peptide purification of endopeptidase V8 digested 40kDa TNF inhibitor 

Figure 33 describes a peptide purification endopeptidase Arg-C digested 40kDa TNF inhibitor. 

Figure 34 describes a peptide purification of trypsin digested Arg-C 16 peptide. 

Figure 35 describes a peptide purificalion of chymolrypsin digested Arg-C10 peptide. 
50 Figure 36 describes a primary structure of the 40kDa TN Z inhibitor. 

Figure 37 describes a portion of the 40kDa TNF inhibitor cDNA sequence along with the predicted amino acid 
translation product. 

Figure 38 describes the complete amino acid sequence ol the 40kDa TNF inhibitor. 

Figure 39 describes the entire cDNA sequence for the precursor of the 40kDa TNF inhibitor along with its deduced 
55 translation product. 

Figure 40 describes a cytotoxicity assay for TNF beta (lymphotoxin) in the presense (o-o) of 40kDa TNF inhibitor, 
in tho presense (•-•) of 30kDa TNF inhibitor and without any inhibitor (x-x) 

Figure 41 describes the expression of the 30kDa TNF inhibitor cDNA sequence shown in Figure 21 in CoS7 cells. 
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COS ceils were transfected with plasmids using the lipofectin procedure of Feigner etal. (Proc. Natl. Acad. Sci. (USA) 
84, 7413-1S87). 3.4 x 10 5 cells were incubated with Ihe indicated amounts of p 25 l] TNFa at a specific activity of 5.6 x 
1 0 4 cpm/ng and the amount bound to the cells determined. Open symbols are the total cpm associated with cells after 
a 4 hour incubation at 4°C. Closed symbols represent bound [ 12S I] TNFa in the presense of 180 fold excess of cold 
$ unlabeled TNFa. 

Figure 42 describes the expression of the 40kDa TNF inhibitor cDNA sequence shown in Figure 39 in COS7. 
Assay conditions were as described in Figure 41. The darkened symbols represent the bound p 2S I] TNFa in the 
presense of 180 fold excess of cold unlabeled TNFa. 

Figure 43 describes the cytotoxicity assay of an HPLC RPC-8 fraction of the human monocytes which were treated 
10 with PMA and PHA for 24 hours. 

Figure 44 describes the RPC-8 chromatographic pattern of 40kDa TNF inhibitor A51 (A), SDS-potyacrylamide gel 
analysis of the fractions (B). and the cytotoxicity assay on L92g cells (C). 

Figure 45 describes the RPC-8 chromatographic pattern of 40kDa TNF inhibitor A53 (A), SDS-polyacrylamide get 
analysis of the fractions (B), and Ihe cytotoxicity assay on L929 cells (C). 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to th9 presently preferred embodiments of the invention, which, together with 
the following examples, serve to explain the principals of the invention. 

20 

1 . Inhibitor isolated from urine. 

As noted above, the present invention relates to TNF innibitors which have been isolated in a purified form. In one 
embodiment of this invention the 40kDa TNF inhibitor is preferably derived from urine. In addition, the invention en- 
compasses substantially purified TNF inhibitors of any origin which are biologically equivalent to the inhibitor isolated 
from urine. Throughout this specification, any reference to a TNF inhibitor or simply an inhibitor should be construed 
to refer to each of the inhibitors identified and described herein. 

By 'biologically equivalent' as used throughout the specification and claims, we mean compositions of the present 
invention which are capable of preventing TNF action in a similar fashion, but not necessarily to the same degree as 

30 the native TNF inhibitor isolated from urine. By "substantially homologous* as used throughout the ensuing specification 
and claims, is meant a degree of homology to the native TNF inhibitor isolated from urine in excess of that displayed 
by any previously reported TNF inhibitor Preferably, the degree of homology is in excess of 70%, most preferably in 
excess of 80%, and even more preferably in excess of 90%, 95% or 99%. A particularly preferred group of TNF inhibitors 
are in excess of 95% homologous with the native inhibitor. The percentage of homology as described herein is calcu- 

35 lated as the percentage of amino acid residues found in the smaller of the two sequences which align with identical 
amino acid residues in the sequence being compared when four gaps in a length of 100 amino acids may be introduced 
to assist in that alignment as set forth by Dayhoff, in Atlas of Protein Sequence and Structure Vol. 5, p. 124 (1972), 
National Biochemical Research Foundation Washington, D C., specifically incorporated herein by reference. Also in- 
cluded as substantially homologous are those TNF inhibitors which may be isolated by virtue of cross-reactivity with 

40 antibodies to the described inhibitor or whose genes may be isolated through hybridization with the gene or with seg- 
ments of the described inhibitor. 

The preferred 40kDa TNF inhibitor of the present invention has been derived from urine and, for the first time, has 
been isolated in a purified form. 

For the purposes of the present application, "pure form" or "purified form,' when used to refer to the TNF inhibitor 

45 disclosed herein, shall mean a preparation which is substantially free of other proteins which are not TNF inhibitor 
proteins. Preferably, the TNF inhibitor of the present invention is at least 50% percent pure : preferably 75% pure and 
more preferably 80%, 95% or 99% pure. In one embodiment of the present invention, the TNF inhibitor protein prep- 
aration is sufficiently pure to enable one of ordinary skill in the art to determine its amino acid sequence without first 
performing further purification steps. 

so At least two TNF inhibitors have heen isolated by the methods se1 forth in the examples. The two inhibitors are 

approximately 30kDa and approximately 40kDa molecules on SDS-PAGE. The 30kDa inhibitor eluates from a DEAE 
CL6B column at about 80 millimofar NaCl in Tris buffer, pH 7.5. The amino acid sequence of the 30kDa inhibitor is set 
forth in Figure 1 9, and the amino acid sequence of the 40kDa inhibitor is set forth in Figure 38. The 30kDa TNF inhibitor 
has been shown to inhibit the activity of TNF alpha, and has little effect on the activity of TNF beta. The 40kDa TNF 

55 inhibitor has been shown to exhibit a significant inhibiting effect against both TNF alpha and TNF beta (lymphotoxin). 
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2. Inhibitor Isolated from U937 condition medium 

In an alternate embodiment of the present invention, the 40kDa TNF inhibitor is isolated from a medium conditioned 
by human U937 cells. The 40kDa protein isolated from U937 conditioned medium is substantially homologous to the 
5 40kDA TNF inhibitor isolated from urine, and is biologically equivalent to said protein. 

3. Structure of 30kDa TNF inhibitor 

The 30kDa TNF inhibitor isolatable from urine is a glycoprotein; containing at least one carbohydrate moiety. In 
to one embodiment of this invention, the nalural 30kDa TNF inhibitor is deglycosylatBd. The de glycosylated TNF inhibitor, 
which retains its ability to bind to TNF, is within the scope of the present invention. Fully and partially degtycosylated 
30kDa TNF inhibitor is encompassed by this invention. The degtycosylated 30kDa TNF inhibitor isolated from urine is 
about an i3kDa protein. 

The gene sequence iden lifted lhal encodes Ihe 30k0a prole in does not contain a termination codon as would be 
ts anticipated for the amino acid sequence ot the 13kDa protein. The inventors theorize, but are in no way to be limited 
by this theory, that the proteins produced in vivo contain additional amino acid sequences. According to this theory, 
the protein encoded is a TNF receptor molecule. The inhibitor protein encoded by the cDNA has a hydrophobic se- 
quence that would be compatible with the cell membrane spanning region and a TNF binding portion that would extend 
extracellularfy from the cell membrane. In accord with this hypothesis and as described in Example 19, the cDNA has 
20 been expressed in COS cells and leads to an increase in the number of TNF binding sites on the coll. The TNF inhibitors 
of the present invention, therefore : are the receptor fragments or portions of the receptor molecule. Such binding 
fragments have been identified with respect to other binding/inhibitory molecules (e.g., IL-2 inhibitor), and are referred 
to as soluble receptors. 

This theory is consistent with the lack of a termination codon in the nucleotide sequence that would correspond 
25 to the terminus of the protein as anticipated by the known sequence of the isolated TNF inhibitor factor It is also 
consistent with the fact that the nucleotide sequence beyond where the termination codon should be found, encodes 
a series of hydrophobic amino acids. 

The present invention , therefore, encompasses not just the portion of the TNF inhibitors identified and described, 
but all proteins containing any portion of the amino acid sequence encoded by the cDNA sequences identified and 
30 described herein. 

4. Structure of 40kDa TNF inhibitor . 

The 40kDa TNF inhibitor isolated from medium conditioned by human U937 cells and identified in urine is a glyc- 

35 op rote in, containing at least one carbohydrate moiety. :n one embodiment of this invention, the natural 40kDa TNF 
inhibitor is degtycosylated. The deglycosylated 40kDa TNF inhibitor, which retains its ability to bind to both TNF alpha 
and TNF beta (lymphotoxin) is within the scope of the present invention. Fully and partially deglycosylated 40kDa TNF 
inhibitor is encompassed by this invention. The inventors theoii/e that the 40kDa TNF inhibitor may also be a soluble 
receptor. The gene sequence identified that encodes the 40kDa piotein cbes not contain a termination codon as would 

40 be anticipated for the amino acid sequence of the degtycosylated 40kDa TNF inhibitor. As described in Example 20, 
the cDNA has been expressed in COS cells and leads to an increase in the number ot TNF binding sites on the cell. 

The present invention encompasses the gene encoding the mature 40kDa protein isolated from medium condi- 
tioned by human U937 cells and identified in urine, and larger and smaller portions of such gene to the extent that the 
TNF inhibiting activity of the encoded protein is not effected. As can be seen by reference to Figure 38, the mature 

45 40kDa TNF inhibitor has a proline rich area near the anticipated C-terminus of the protein. 40kDa TNF inhibitors in 
which ail or port ; ons of the proline rich region are not included in the protein are active as TNF inhibitors, and are within 
the scope o f the present invention. Two such shortened proteins are described in Examples 17 and 22 below, and are 
referred toas40kDa TNF inhibitor A51 ano'40k.DaTNF inhibitor A53. All portions o? this application which refer generally 
to 40kDa TNF inhibitor shall encompass the mature 43kDa protein isolated from medium conditioned by human U937 

so colls and identified in urine, as well rs 40kDa TNF inhibitor A51 and 40kDa TNF inhibitor A53. 

It is genera'ly believed that at least one TNF receptor is capable ol binding bolh TNF alpha and TNF beta, while 
some TNF receptors are capable of only binding TNF alpha. This is consistent with the findings that there are two TNF 
inhibitors which are both proposed to be active fragments of TNF recepto' sites, and one is active against only TNF 
alpha and the other is active against both TNF alpha and TNF beta. 

55 
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5. Recombinant inhibitor. 
(a) General 

5 A recombinant DNA method for the manufacture of a TNF inhibitor is now disclosed. In one embodiment of the 

invention, the active site functions in a manner biologically equivalent to that of the TNF inhibitor isolated from urine. 
A natural or synthetic DNA sequence may be used to direct production of such TNF inhibitors. This method comprises: 

(a) preparation of a DNA sequence capable of directing a host cell to produce a protein having TNF inhibitor 
to activities or a precursor thereof; 

(b) cloning the DNA sequence into a vector capable ot being transferred into and replicated in a host cell, such 
vector containing operational elements needed to express the DNA sequence or a precursor thereof; 

(c) transferring the vector containing the synthetic DNA sequence and operational elements into a host cell capable 
ol expressing Lhe DNA encoding TNF inhibitor or a precursor thereof; 

15 (d) cufturing the host cells under the conditions for amplification of the vector and expression of the inhibitor or a 

precursor thereof: 

(e) h£rve3ting the inhibitor or a precursor thereof; and 

(f ) permitting the inhibitor to assume an active tertiary structure whereby it possesses or can be processed into a 
protein having TNF inhibitory activity. 

20 

In one embodiment of the present invention, the TNF inhibitor is produced ty the host cell in the form of a precursor 
protein. This precursor prote:n is processed to a protein in one or more steps and allowed to fold correctly to an active 
TNF inhibitor using methods generally known to those of ordinary skill in the art. 

25 (b) DNA sequences 

DNA sequences contemplated for use in this method are discussed in part in Examples 6, "KA, and 17. It is 
contemplatod that these sequences include synthetic and natural DNA sequonces and combinations thereof. The 
natural sequences further include cDNA or genomic DNA segments. 

30 The means for synthetic creation cf polynucleotide sequences encoding a protein identical to that encoded by the 

cDNA or genomic polynucleotide sequences are generally known to one of ordinary skill in the art, particularly in light 
of the teachings contained herein. As an example of the current state of the art relating to polynucleotide synthesis, 
one is directed to Matteucci, M.D., and Caruthers, M.H., in J. Am. Chem. Soc. 103:3185 (1981) and Beaucage.. S.L 
and Caruthers, M.H. in Tetrahedron Lett. 22:1859 (1991), and to the instructions supplied with an ABl oligonucleotide 

35 synthesizer, each of which is specifically incorporated herein by reference. 

These synthetic sequences may be identical to the natural sequences described in more detail below or they may 
contain different nucleotides. In one embodiment, if the synthetic sequences contain nucleotides different from those 
found in the natural DNA sequences of this invention, it is contemplated that these different sequences will still encode 
a polypeptide which has the same primary structure as TNF inhibitor isolated from urine. In. an alternate embodiment, 

40 the synthetic sequence containing different nucleotides will encode a polypeptide which has the same biological activity 
as the TNF inhibitor described herein. 

Additionally, the DNA sequence may be a fragment of a natural sequence : i.e., a fragment of a polynucleotide 
which occurred in nature and which has been isolated and purified for the first time by the present inventors. In one 
embodiment; the DNA sequence is a restriction fragment isolated from a cDNA library 

<*5 in an alternative embodiment, the DNA sequence is isolated from a human genomic library. An example of such 

a library uselul in this embodiment is set forh by Wyman, et al„ (1985) Proc. Nat. Acad. Sci. USA, 82, 2880-2884. 

tn a preferred version of this embodiment, it is contemplated that the natural DNA sequence will be obtained by a 
method comprising: 

so (a) Preparation ot a human cDNA library from cells, preferably U937 colls capable of generating a TNF inhibitor, 

in a vector and a cell capabie of amplifying and expressing al! or part of that cDNA; 

(b) Probing the human DNA library with at least one probe capable of binding to the TNF inhibitor gene or its protein 
product; 

(c) Identifying at least one clone containing the gene coding for the inhibitor by virtue of the ability of the clone to 
55 bind at least one probe for the gene or its protein product; 

(d) Isolation of the gene or portion of the gene coding for the inhibitor from the clone or clones chosen; and 

(e) Linking the gene, or suitable fragments thereof, to operational elements necessary to maintain and express 
the gene in a host cell. 
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The natural DNA sequences useful in the foregoing process may also be identified and isolated through a method 
comprising: 

(a) Preparation ol a human genomic library, preferably propagated in a recBc.sbc host, preferably CES 200; 
5 (b) Probing the human genomic library with at least one probe capable of binding a TNF inhibitor gene or its protein 

product; 

(c) Identification of at least one clone containing the gene coding for the inhibitor by virtue of the ability of the clone 
to bind at least one probe for the gene or its protein product; 

(d) Isolation of the gene coding for the inhibitor from the clone or clones identified: and 

70 (e) Linking the gene, or suitable fragments thereof, to operational elements to maintain and express the gene in 

a host cell. 

A third potential method tor identifying and isolating natural DNA sequences useful in the loregoing process in- 
cludes the following steps: 

75 

(a) Preparation ot mRNA from cells that produce the TNF inhibitor; 

(b) Synthesizing cDNA (single- or double-stranded) from this mRNA; 

(c) Amplifying the TNF inhibitor-specific ON A sequences present in this mixture ol cDNA sequences using the 
polymerase chain reaction (PCR) procedure with primers such as those shown in Table 5; 

20 (d) Identifying the PCR products that contain sequences present in the other oligonucleotide probes shown in 

Table 5 using Southern blotting analysis: 

(e) Subcloning the DNA fragments so identified into M1 3 vectois that allow direct sequencing of the DNA sequenc- 
es; 

(f) Using these sequences to isolate a cDNA clone from a cDNA library; and 

25 (g) Unking the gene, or suitable fragments thereof, to operational elements necessary to maintain and express 

the gene in host cells. 

In isolating a DNA sequence suitable for use in the above-method it is preferred to identify the two restriction sites 
located within and closest to the end portions cf the appropriate gene or sections ot the gene that encode the native 

30 protein or fragments thereof. The DNA segment containing the appropriate gene or sections of the gene is then removed 
from the remainder of the genomic material using appropriate restriction endonucleases. After excision, the 3' and 5' 
ends of the DNA sequence and any intron exon junctions arc reconstructed to provide appropriate DNA sequences 
capable of coding for the N- and C- termini and the body of the TNF inhibitor protein and capable of fusing the DNA 
sequence to its operational elements. 

35 As described in Example 17 below, the DNA sequence utilized for the expression of 40kDa TNF inhibitor may be 

modified by the removal of either 1 53 or 1 sg base 

pairs from the gene that encodes for the mature 40kDa TNF inhibitor isolated from medium conditioned by human 
U937 cells and identified in urine. The A53 gene was prepared to remove the proline region from the C -terminus of the 
full gene, and the A51 gene was prepared to approximate the C-terminus of the gene encoding for 30kDa TNF inhibitor. 
40 A DNA sequence, isolated according to these methods from a cDNA library and encoding at least a portion of the 

30kDa TNF inhibitor described herein, has been deposited at the American Type Culter Collection, Rockville. M.D., 
under Accession No 40645. 

A DNA sequence, isolated according to these methods from a human genomic DNA library and encoding at least 
a portion of the 30kDa TNF inhibitor described herein, has been deposited at the American Type Culture Collection, 
45 Ftockville, MD., under Accession No. 40620. 

A DNA sequence, isolated according to these methods from a cDNA library and encoding at least a portion of the 
40kDa TNF inhibitor described herein, has been deposited at the American Type Cultural Collection, Rockville, MD, 
under Accession No. 58204. 

50 6. Vectors 

fb) Microorganisms, especially E. coli 

The vectors contemplated for use in the present invention include any vectors into which a DNA sequence as 
55 discussed above can be inserted, along with any prelerred or required operational elements, and which vector can 
then be subsequently transferred into a host cell and replicated in such cell. Preferred vectors are those whose restric- 
tion sites have been well documented and which contain the operational elements preferred or required for transcription 
of the DNA sequence. However, cenain embodiments of the present invention are also envisioned which employ cur- 
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rently undiscovered vectors which would contain one or more of the cDNA sequences described herein. In particular, 
il is preferred that all of these veclors have some or all of the following characlerislics; (1) possess a minimal number 
of host-organism sequences; (2) bo stably maintained and propagated in the desired host; (3) be capable of being 
present in a high copy number in the desired host; (4) possess a regulatable promoter positioned so as to promote 
5 transcription ol the gene of interest; (5) have at least one marker DNA sequence coding for a selectable trait present 
on a portion of the plasmid separate from that where the DNA sequence will be inserted: and (6) a DNA sequence 
capable of terminating transcription. 

In variously prelerred embodiments, these cloning vectors containing and capable of expressing the DNA sequenc- 
es of the present invention contain various operational elements. These "operational elements," a6 discussed herein, 
include at least one promoter, at least one Shine-Dalgarno sequence and initiator coden, and at least one terminator 
codon. Preferably, these 'operational elements 1 ' also include at least one operator, at least on leader sequence for 
proteins to be exported from intracellular space, at least one gene for a regulator protein, and any other DNA sequences 
necessary or preferred for appropriate transcription and subsequent translation of the vector DNA. 

Certain of these operational elements may be present in each of the preferred veclors of the present invention. II 
*s is contemplated that any additional operational elements which may be required may be added to these vector using 
methods known to those of ordinary skill in the art, particularly in light of the teachings herein. 

In practice, it is possible to construct each of these vectors in a way that allows them to be easily isolated, assemblec 
and interchanged. This facilitates assembly of numerous functional genes from combinations of these elements and 
the coding region of the DNA sequences. Further, many of these elements will be applicable in more than one host. It 
20 is additionally contemplated that the vectors, in certain preferred embodiments, will contain DNA sequences capable 
of functioning as regulators ("operators'), and other DNA sequences capable of coding for regulator proteins. 

(i) Regulators 

25 These regulators, in one embodiment, will serve to prevent expression of the DNA sequence in the presence of 

certain environmental conditions and, in the presence of other environmental conditions, will allow transcription and 
subsequent expression of the protein coded for by the DNA sequence. In particular, it is preferred that regulatory 
segments be inserted into the vector such that expression of the DNA sequence will not occur : or will occur to a greatly 
reduced extent, in the absence of, for example, isopropylthio-beta-D-galactoside. in this eituation. the transformed 

30 microorganisms containing tho DNA sequence may be grown to a desired density prior to initiation of the expression 
of TNF inhibitor. In this embodiment, expression of the desired protein is induced by addition of a substance to the 
microbial environment capable of causing expression of the DNA sequence after thedesired density has been achieved. 

fit) Promoters 

35 

The expression vectors must contain promoters which can be used by the host organism for expression of its own 
proteins. While the lactose promoter system is commonly used, other microbial promoters have been isolated anc 
characterized, enabling one skilled in ihe art to use them for expression of the recombinant TNF inhibitor. 

40 fiii) Transcription Terminator 

The transcription terminators contemplated herein serve to stabilize the vector. In particular, those sequences as 
described by Rosenberg, M. nnd Court, D. : in Ann. Rev. Genet. 13:319-353 (1979), specifically incorporated herein 
by reference, are contemplated for uee in the present invention. 

45 

(iv) Non-Translated Sequence 

It is noted that, in the preferred embodiment, it may alsc be desirable to reconstruct the 3' or 5* end of the coding 
region to allow incorporation oi 3* or 5' non-translated sequences into the cone transcript. Included among these non- 
so translated sequonces arc those which stabile the mRNA they aro identified by Schme.ssner, U., McKenney, K., 
Rosenberg, M and Court, D. in J. Mol. Biol. J76: 39-53 (1984) : specifically incorporated herein by reference. 

M Ribosome Binding Sites 

55 The microbial expression of foreign proteins requires certain operational elements which include, but are not limited 

to, ribosome binding sites. A ribosome binding site is a sequence which a ribosome recognizes and binds to in the 
initiation of protein synthesis as set forth in Gold, L. : at al ., Ann. Rev. Microbio. 35:557-580; or Marquis, D.M.. et at ., 
Gene £2: 1 75-1 83 (1 985) ; both of which are specifically incorporated herein by reference. A preferred ribosome binding 
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Siie is GAGGCGCAAAAA(ATG). 

(vi) Leader Sequence and Translational Coupler 

s Additionally, it is preferred that DNA coding for an appropriate secretory leader (signal) sequence be present at 

the 5' end of the DNA sequence as set forth by Watson, ME. in Nucleic Acids Res. 12:5145*5163, specifically incor- 
porated herein by reference, H the protein is to be excreted from the cytoplasm. The DNA for the leader sequence must 
be in a position which allows the production of a fusion protein in which the seader sequence is immediately adjacent 
to and covalently joined to the inhibitor, i.e., there must be no transcription or translation termination signals between 

JO the two DNA coding sequences. The presence of the leader sequence is desired in part for one or more of the following 
reasons. First : the presence of the leader sequence may facilitate host processing of the TNF inhibitor. In particular, 
the leader sequence may direct cleavage of the initial translation product by a leader peptidase to remove the leader 
sequence and leave a polypeptide with the amino acid sequence which has potential protein activity. Second; the 
presence of the leader sequence may facilitate purification ol the TNF inhibitor, through directing the protein out of the 

15 cell cytoplasm. In some species of host microorganisms, the presence of an appropriate leader sequence will allow 
transport of the completed protein into the periplasrnic space, as in the case of some E. coli . In the case of ceratin E, 
colt . Saccharomyces and strains of Bacillus and Pseudomonas , the appropriate leader sequence will allow transport 
of the protein through the cell membrane and into the extracellular medium. In this situation, the protein may be purified 
from extracellular protein. Thirdly, in the case of some of the proteins prepared by the piesent invention the presence 

20 of the leader sequence may be necessary to locate the completed protein in an environment where it may fold to 
assume its active structure, which structure possesses the appropriate protein activity. 

In one preferred embodiment of the present invention, an additional DNA sequence is located immediately pre- 
ceding the DNA sequence which codes for the TNF inhibitor. The additional DNA sequence is capable of functioning 
as a translational coupler, i.e., it is a DNA sequence that encodes an RNA which serves to position ribosomes imme- 

25 diately adjacent to the ribosome binding site of the inhibitor RNA with which it is contiguous. In one embodiment of the 
present invention, the translational couplei may be derived using the DNA sequence 



30 

TXACGAGGCGCAXAAAATGAAAAAGACAGCTATCGCGATCTTGGAGGATGATTAAAT<: 

and methods currently known to those of ordinary skill in the art related to translational couplers. 

35 (vii) Translation Terminator 

The translation terminators contemplated herein serve to stop the translation of mRNA. They maybe eitner natural, 
as described by KohIL J. : Mol. Gen Genet. 182:430-439; or synthesized, as described by Pettersson, R.F. Gene 24: 
15-27 (1933), both of which references are specifically incorporated herein by reference. 

40 

(viii) Selectable Marker 

Additionally, it is preferred that the cloning vector contain a selectable marker such as a drug resistance marker 
or other marker which causes expression of a selectable trait by the host microorganism. In one embodiment ol the 
45 present inventioa the gene for ampicillin resistance is included in the vector while, in other plasmids i the gene for 
tetracycline resistance or the gene for chloramphenicol resistance is included. 

Such a drug resistance or other selectable marker is intended in part to facilitate in the selection of trans formants. 
Additionally, the presence of such a selectable marker in the cloning vec;or may be of use in keeping contaminating 
microorganisms from multiplying in Ihe culture medium. In this embodiment, a pure culture o*. the transformed host 
so microorganisms would be obtained by culturing the microorganisms under conditions which require the induced phe- 
notype for survival, 

The operational elements as discussed herein are routinely seiected by those or ordinary skill in the art in light of 
prior literature and the teachings contained herein. General examples of these operational elements are set forth in B. 
Lewin, Genes . Wiley & Sons, New York (1 983) : which is specifically incorporated herein by relerence. Various examples 
ss of suitable operational elements may be found on the vectors discussed above and may be elucidated through review 
of the publications discussing the basic characteristics of the aforementioned vectors. 

Upon synthesis and isolation of all necessary and desired component parts of the abeve-discussed vector, the 
vector is assembled by methods generally known to those of ordinary skill in tne art. Assembly of such vectors is 
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believed to be within the duties and tasks performed by those with ordinary skill in the art and, as such, is capable ol 
being perlormed wilhoul undue experimentation. For example, similar DNA sequences have been ligaled into appro- 
priate cloning vectors, as set lorth by Maniatts et nl in Molecular Cloning, Cold Spring Harbor Laboratories (1984), 
which is specifically incorporated herein by reference. 
5 In construction of the cloning vectors of the present invention, it should additional ly be noted that multiple copies 

of the DNA sequence and its attendant operational elements may be inserted into each vector. In such an embodiment; 
the host organism would produce greater amounts per vector of the desired TNF inhibitor. The number of multiple 
copies of the DNA sequence which may bo inserted into the vector is limited only by the ability of the resultant vector, 
due to its size, to be transferred into and replicated and transcribed in an appropriate host eel!. 

TO 

(b) Other Microorganisms 

Vectors suitable for use in microorganisms other E. col i are also contemplated for this invention. Such vectors are 
described in Table 1 . In addition, certain preferred vectors are discussed below. 

15 
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j\) Pseudomonas Vectors 

Several vector plasmids which autonomously replicate in a broad range of Gram negative bacteria are preferred 
for use as cloning vehicles in hosts of the genus Pseudomonas . Certain of these arc described by Tait : R.C., Close : 

25 t.j., Lundquist, R.C., Hagiya, M., Rodriguez, R.L , and Kado, C.L in Biotechnology, May, 1983, pp. 269-275; Panop- 
oulos, N J. in Genetic Engineering in the Plant Sciences , Praeger Publishers, New York, Now York, pp. 163-185(1981); 
and Sakagucki, K. in Current Topics in Microbiology and Immunology 96:31-45 (1982), each of which is specifically 
incorporated herein by reference. 

One particularly preferred construction would employ the plasmid RSF1C10 and derivatives thereof as described 

jo by Bagdasarian, M. t Bagdasarian, Coleman, S., and Timmis, K.N. in Plasm ids of Medical, Environmental and 
Commerical importance , Timmis, K.N. and Punier, A. eds., Elsevier/North Holland Biomedical Press (1 979), specifically 
incorporated herein by reference. The advantages of RSF1 01 0 arc that it is a relatively small, high copy number plasmid 
which is readily transformed into and stably maintained in both E. coli and P seudomonas species. In this system, it 
would be preferred to use ihe Tac expression syslem as described tor Escherichia , since it appears thai the E i _coli trp 

35 promoter is readily recognized by Pseudomonas RNA polymerase as set forth by Sakagucki, K. in Current Topics in 
Microbiology and Immunology 96:31-45 (1982) and Gray, G.L. : McKeown : K.A., Jones A.J.S. ; Seeburg, PH., and 
Heyneker, H.L in Biotechnology, Feb 1984, pp. 161-165. both of which are specifically incorporated herein by refer- 
ence. Transcriptional activity may be further maximized by requiring the exchange of the promoter with, e.g., an E. coli 
or P. aeruginosa trp promoter. Additionally, the lacl gene of E. coli would also be included in the plasmid to effect 

40 regulation. 

Translation may be coupled to translation initiation for any of the Pseudomonas proteins, as well as to initiation 
sites for any of the highly expressed proteins ol the type chosen to cause intracellular expression of the inhibitor. 

In those cases where restriction minus strains ol a host Pseudomonas species are not available, transformation 
efficiency witn plasmid constructs isolated Irom E.coli are poor. Therefore, passage of the Pseudomonas cloning vector 
45 through an r- m+ strain of another species prior to irs-nnforrnation of the desired host, as set forth in Bagdasarian, M., 
et al., Piasmids of Medical. Environmental and Commercial Importance , pp. 411-422. Timmis and Puhler eds. : Elsevier/ 
North Holland Biomedical Press (1979). specifically incorporated herein by reference, is desired. 

fii) Bacillus Vectors 

50 

Furthermore, a preferred expression system in hosts of the genus Bacillus involves using plasmid pUB110 as the 
cloning vehicle. As in other host vector systems, it is possible in Bacillus to express the TNF inhibitor of the present 
invention as either an intracellular or a secreted protein. The present embodiments include both systems. Shuttle 
vectors that replicate in both Bacil'us and S. co f i are available for constructing and testing various genes as described 
ss by Dubnau, D. : Gryczan, T : Contente, S. ; and Shivakumar, A.G. in Genetic Engin eering, Vcl. 2, Settow and Hollander 
eds., Plenum Press, New York, New York, pp. 115-131 (1980), specifically incorporated herein by reference. For the 
expression and secretion of the TNF inhibitor from B. subtilis ; the signal sequence- of alpha-amylase is preferably 
coupled to the coding region for the protein. For synthesis of intracellular inhibitor, the portable DNA sequence will be 
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translationally coupled to the ribosorre binding site ol thd alpha-amylase leader sequence. 

Transcription of eilher of these constructs is preferably directed by the alpha-amylase promoter or a derivative 
thereol. This derivative contains the RNA polymerase recognition sequence of the native alpha-amylase promoter but 
incorporates the lac operator region as well. Similar hybrid promoters constructed from the penicillinase gene promoter 
$ and the lac operator have been shown to function in Bacillus hosts in a regulatable fashion as set forth by Yansura, D. 
G. and Henner in Genetics and Biotechnology of Bacilii , Ganesan, AT. and Hoch t JA, eds., Academic Press, pp. 
249-263 (1984), specifically incorporated by reference. The iacl gene of E.coli would also be included in the plasmid 
to effect regulation. 

10 (iii) Clostridium Vectors 

One prelerred construction for expression In Clostridium is in plasmid pJUl2, described by Squires : C.H. et al.. in 
J. Bacteriol. 159:465-471 (1984) and specifically incorporated herein by reference, transformed intc C. pertringens by 
the method of Heefner, D.L el al., as described in J. Bacteriol. 159:460-464 (1984), specifically incorporated herein 
15 by reference. Transcription is directed by the promoter & the tetracycline resistance gene. Tianslation is coupled to 
the Shine-Dalgarno sequences of this same tefgene in a manner strictly analogous to the procedures outlined above 
for vectors suitable for use in other hosts 

(iv) Yeast Vectors 

20 

Maintenance of foreign DNA introduced into yeast can be effected in several ways as described by Botstein, D. 
and Davis, R.W. ; in The Molecular Biology of the Yeast Saccharomvces , Cold Spring Harbor Laboratory. Strathern, 
Jones and Broach, eds., pp. 607-636 (1982). specifically incorporated herein by reference. One preferred expression 
system for use with host organisms of the genus Saccharomvces harbors ihe TNF inhibitor gene on the 2 micron 

25 plasmid. The advantages of the 2 micron circle include relatively high copy number and stability when introduced into 
cir' strains. These vectors preferably incorporate the replication origin and at least one antibiotic resistance marker 
from pBR322 to allow replication and selection in E. coli . In addition, the p'asmid will preferably have the two micron 
sequence and the yeast LEU2 gene to serve the same purposes in LEU2 defective mutants of yeast. 

If it is contemplated that the recombinant TNF inhibitors will ultimately be expressed in yeast, it is preferred that 

30 the cloning vector first be transferred into Escherichia coli , where the vector would be allowed to replicate and from 
which the vector would be obtained and purified alter amplification. The vector would then be transferred into the yeast 
for ultimate expression of the TNF inhibitor. 

(c) Mammalian Cells 

35 

The cDNA for the TNF inhibitor will serve as the gene for expression of the inhibitor in mammalian cells. It should 
have a sequence that will be efficient at binding ribosomes such as that described by Kozak : in Nucleic Acids Research 
15:81 25-81 32 (1987) : specifically incorporated herein by reference, and should have coding capacity for a leader 
sequence (see section 3(a)(vi)) to direct the mature protein out of the eel! in a processed form. The DNA restriction 

40 fragment carrying the complete cDNA sequence can be inserted into an expression vector which has a transcriptional 
promoter and a transcriptional enhancer as described by Guarente, L. in Cell 52:303-305 (1988) and Kadonaga, J.T. 
et al ., in Cell 51:1079-1090 (1987), both of which are specifically incorporated herein by reference. The promoter may 
be regulatable as in the plasmid pMSG (Pharmacia Cat. No. 27450601) if constitutive expression of the inhibitor is 
harmful to cell growth. The vector should have a complete polyadenylation signal as described by Ausubel, FM. et al . 

<*s in Current Protocols in Molecular Biology, Wiley (1 937) ; specifically incorporated herein by reference, so that the mRNA 
transcribed from this vector is processed properly. Finally the vector will have the replication origin and at least one 
antibiotic resistance marker from pBR322 to allow replication and selection in E. coli . 

In order to select a stable cell line that produces the TNF inhibitor the expression vector can carry the gene for a 
selectable marker such as a drug resistance marker or carry a complementary gene for a deficient cell line, such as a 

50 dihydrofolate reductase (dhfr) gone for transforming a dhfr cell line as described by Ausubel etal ., supra . Alternatively, 
a separate plasmid carrying the selectable marker can be cotranslormed along with the expression vector. 

7. Host Cells/Transformation 

5S The vector thus obtained is transferred into an appropriate host cell. These host cells may be microorganisms or 

mammalian cells. 
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(c) Microorganisms 

It is believed that any microorganism having the ability to take up exogenous DNA and express those genes and 
attendant operational elements may be chosen. After a host organism has been chosen, the vector is transferred into 

5 the host organism using methods generally known to those of ordinary skill in the art. Examples of such methods may 
be found in Advanced Bacterial Genetics by R.W. Davis et al ., Cold Spring Harbor Press, Cold Spring Harbor, New 
York, (1980), which is specifically incorporated herein by reference. It is preferred, in one embodiment, that the trans- 
formation occur at low temperatures, as temperature regulation is contemplated as a means of regulating gene ex- 
pression through the use of operational elements as set forth above. In another embodiment, if osmolar regulators 

to have been inserted into the vector, regulation of the salt concentrations during the transformation would be required 
to insure appropriate control of the foreign genes. 

It is preferred that the host microorganism be a facultative anaerobe or an aerobe. Particular hosts which may be 
preferable for use in this method include yeasts and bacteria. Specific yeasts include those of the genus Saccharo- 
mvceS : and especially Saccharomyces cerevisiae . Specific t?acleria include Ihoseof the genera Bacillus , Escherichia , 

15 and Pseudomonas , especially Bacillus subtitis and Escherichia coli . Additional host colls are listed in Tablo I, supra . 

(d) Mammalian Cells 

The vector can be introduced into mammalian cells in culture by several techniques such as calcium phosphate: 
20 DNA coprccipitation, clcctroporalon, or protoplast fusion. The preferred method is coprccipitation with calcium phos- 
phate as described by Ausubel et al ., suora . 

Many stable cell types exist that are transformable and capable of transcribing and translating the c DNA sequence, 
processing the precursor TNF inhibitor and secreting the maiure protein. However, cell types may be variable with 
regard to glycosylation of secreted proteins and post-translational modification of amino acid residues, if any. Thus, 
25 the ideal cell types am those that produce a recombinant TNF inhibitor identical to the natural moleculo. 

8. Culturing Engineered Cells 

The host cells are cultured under conditions appropriate foi the expression of the TNF inhibitor. These conditions 
30 are generally specific for the hest cell, and are readily determined by one of ordinary skill in the art in tight of the 
published literature regarding the growth conditions for such cells and the teachings contained herein. For example, 
Bcrgcy's Manual of Determinative Bacteriology. 6th Ed., Williams & Wilkins Company, Baltimore Maryland, which is 
specifically incorporated herein by reference, contains information on conditions for culturing bacteria. Similar infor- 
mation on culturing yeast and mammalian cells may be obtained from Pollack, R. Mammalian Cell Culture, Cold Spring 
35 Harbor Laboratories (1975) r specifically incorporated herein by reference. 

Any conditions necessary for the regulation of the expression of the DNA sequerce. dependent upon any opera- 
tional elements inserted into or present in tho vector would be in effect at the transformation and culturing stages. In 
one embodiment, cells are grown to a high density in the presence of appropriata regulatory conditions which inhibit 
the expression of the DNA sequence. When optimal cell density is approached, the environmental conditions are 
40 altered to those appropriate for expression of the DNA sequenc-3. It is thus contemplated that the production of the 
TNF inhibitor will occur in a time span subsequent to the growth of the host cells to near optimal density and that the 
resultant TNF inhibitor will be harvested at some time after the regulatory conditions necessary for its expression were 
induced. 

45 9. Purification 

(a) TNF inhibitor Produced From Microorganisms. 

In a preferred embodiment of the presenl invenLion, ihe recombinant TNF inhibitor is purified subsequent lo har- 
50 vesting and prior to assumption of its active structure. This embodiment is preferred as the inventors believe that 
recovery of a high yield of re-folded protein is facilitated if the protein is first purified. However, in one prefer 'ed, alternate 
embodiment, the TNF inhibitor may be allowed to refold.to assume iis aclive structure prior to purification. In yet another 
preferred, alternate embodiment, tne TNF inhibitor is present in its re-folded, active staie upon recovery from the cul- 
turing medium. 

55 in certain circumstances, the TNF inhibitor will essume fts proper, active structure upon expression in the host 

microorganism and transport of the protein through the cell wall or membrane or into the pertplasmic 6pace. This will 
generally occur if DNA coding for an appropriato tGExkn sequence has been linked to the DNA coding for tho recom- 
binant protein. If the TNF inhibitor does not assume its proper, active structure, any disulfide bonds which have formed 
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and/or any noncovalent interactions which have occurred will first be disrupted by denaturing and reducing agents, tor 
example, guanidinium chloride and bula-msrcaploethanol, before the TNF inhibitor is allowed lo assume its aclive 
structure lollowing dilution and oxidation of these agents under controlled conditions. 

For purifications prior to and after refolding, some combinations of the following steps is preferably used; anion 
$ exchange chromatography (monoQor CEAE-Sepharose), gel filtration chromatography (superose), chromatofocusing 
(MonoP), and hydrophobic interaction chromatography (octyl or phenyl sepharose). Of particular value wilt be affinity 
chromatography using TNF (described in Example 1). 

(b) TNF inhibitor Produced from Mammalian Cells. 

TO 

TNF inhibitor produced from mammalian cells will be purified from conditioned medium by steps that will include 
ion exchange chromatography and affinity chromatography using TNF as described in Example 1 . It will be apparent 
to those skilled in the art that various modifications and variations can be made in the processes and products of the 
present invention. Thus : it is intended thai the present invention cover the modifications and variations of this invention 
15 provided they come within the scope of the appended claims and their equivalents. 

As indicated previously, the TNF inhibitors of the present invention are contemplated for use as therapeutic agents 
and thus are to be formulated in pharmaceutical!;/ acceptable carriers. In one embodiment of the present invention, 
the TNF inhibitors may be chemically modrfted to improve the pharmokinetic properties of the molecules. An example 
would be the attachment of the TNF inhibitors to a high molecular weight polymeric material such as polyethylene 
20 glycol. In addition, intcrloukin-1 inhibitors may be administered in conjunction with the TNF irhibitors. This combination 
therapeutic will be especially useful in treatment of inflammatory and degenerative diseases. 

The following examples illustrate various presently preferred embodiments ot the invention claimed herein. All 
papers and references cited in the Examples that tollow are specifically incorporated herein by reference. 

25 Example 1. Protein Preparation 

A. Materials 

The gene for TNF alpha (TNFa) was purchased from British Biotechnology, Limited, Oxford. England. DEAE- 

30 Sepharose CL-6B resin and Mono-Q HR5/5. HR10/10 FPLC columns were purchased from Pharmacia, Inc.. Piscat- 
away. New Jersey. Affigel-15 resin, and BbRad protein assay kit were purchased from BbRad, Richmond. California., 
Twccn 20, ammonium bicarbonate, sodium phosphate. PMSF, sodium bicarbonate, drthiothrcrtol crystal violet and 
actinomycin D were purchased from Sigma Chemical Company, St. Louis, Missouri. Endoproteinase Lys-C : Endopro- 
teinase Asp-N and TRIS were purchased from Boehringer Mannheim Biochemicals, Indianapolis, Indiana. Hexafluor- 

35 oacetone was purchased from ICN Biomedicals, Costa Mssa, California. Cyanogen bromide, trifiuoroacetic acid, and 
guanidine hydrochloride were purchased from Pierce Chemicals, Rockford, Illinois. Aceionnrilo and HPLC water were 
purchased from J.T Baker Chemical Cdmpany, Phillipsburg, New Jersey. Uraa was purchased from Bethesda Re- 
search Laboratories, Gaithersburg, Maryland. [ 3 Hl-lodoacetic acid was purchased from New Engtand Nuclear Boston : 
Massachusetts. [ 125 l]-TNFa was purchased from' Amersham. Arlington Heights, Illinois. Recombinant human TNFa 

40 was purchased from Amgen, Thousand Oaks. California. CB-reverse phase columns (25 cm x 4.5 mm) were obtainec 
from Synchrom, Inc.. Lafayette, Indiana. A C8-microbore reverse phase column (7 micron, 22 cm x 2.1 mm) was 
obtained from Applied Biosystems, Foster City, California. Coming 96-wsll microtiter plate3 were purchased from VWR 
Scientific, Batavia, Illinois. McCoys 5 A media and fetal bovine serum were purchased from Gibco, Grand Island, New 
York. RPM-1 1640 media and L-glutamine were purchased from Mediatech, Herndon, Virginia. Trypsin was purchased 

45 from K. C. Biologicats, St. Lenoxa, Kansas. ME 180, U937an<JL929 ceil lines were obtained from American Typg Culture 
Collection, Rockville, Maryland. 

B. Assays for the TNF inhibitor 

50 Two types of assays wero used to identify the TNF inhibitor. One of them .s a cytotoxicity assay. The other is a gei 

shift assay. 

1 . Cytotoxicity Assay 

55 The cytotoxicity assay was performed with actinomycin D-treatad ME 160 ceils and L929 cells as described by 

Ostrove and Gifford (Proc. Soc. Exp. Biol. Med. 160. 354-358 (1979)) and Aggarwal and Essalu (J. Biol. Chom. 262, 
10000-100C7 (1 987)). L929 cells (CCLI: American Type Culture Collection) ceils were maintained in McCoy's 5A me- 
dium containing 10% fetal bovine serum. Confluent cultures were treated briefly with 0.25% trypsin in physiological 
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solution containing 5mM EDTA and resuspended in a fresh medium. Approximately 2 x 10 4 trypsinized cells per well 
were plated in 96-Well plales (Corning) and incubated for 24 hours al 37°C. Then aclinomycin D was added loa Nnal 
concentration of 0.25 ug per ml After two hours, samples containing TNF and TNF inhibitor were added to the wells 
and incubation was continued overnight at the same temperature. After microscopic evaluation, the medium was de- 
5 canted, and the wells were rinsed with PBS. The wells were then filled with a solution of 0.1% crystal violet, 10% 
formaldehyde and 10mM potassium phosphate, pH 6.0 for 5 mir : washed thoroughly with water and dried. The dye 
was extracted with 0. 1 M sodium citrate in 50% ethanol, pH 4.2. The absorbance of the dye in viable cells was determined 
at 570 nm using a Kinetic microplate reader (Molecular Devices Corp. CA). An example of this assay is shown in Figure 

1 . In the presence of TNF inhibitor, the cytotoxic effect of TNF was reduced. 

TO 

2. Gel Shift Assay 

The gel shift assay involves the use of a native polyacrylamide gel electrophoresis system. This native 4% gel 
electrophoresis was performed according to Hedrickand Smith (Arch. Biochem. and Biophysics 126, 155-164 (1 968)). 

is The iodinated TNF (Amersham) was mixed with the TNF inhibitor from Example 1.C. after C8 chromatography and 
incubated for 30 min. to 2 hours. This mixture, along with the iodinated TNF a'one, were loaded onto the 4% native 
gel and electrophoresed. After the gei was fixed with 1 0% acetic acid and washed a film was placed for radioautography. 
As shown in Figure 2 : the complex of TNF and TNF inhibitor migrates differently from the TNF by itself. This gel shift 
assay was used to determine which fractions contain TNF inhibitor in the eluates of DEAE CL6B column chromatog- 

20 raphy. 

C. Purification of the 30kDa TNF Inhibitor 

Twenty liters of urine from a patient diagnosed with renal dysfunction was concentrated to 200 ml with an Amicon 
25 YM5 membrane. The concentrata was then dialyzed at 4°C against 0.025 M Tris-CI, pH 7.5, and subsequently centri- 
fuged in a JA14 rotor at 10 : 000 rpm lor 30 minutes Th8 supernatant was then loaded onto a 40 x 4.5 cm DEAE 
Sepharose CL-6B column equilibrated with 0.025 M Tris-CI, pH 7.5 and extensively rinsed with equilibration buffer until 
the OD 280 of the effluent returned to baseline. Chromatography was accomplished using a linear gradient from 0-0.05 
M sodium chloride in 0.025M Tris-CI pH 7.5 and monitored by OD 2Q o Column fractions were collected, and assayed 
30 for TNF inhibitor activity using the native gel assay. The TNF inhibitorelutedelutesinarather sharp peak at 80mM NaCl. 

Figure 6A shows the OD 2eo profile of the DEAE Sepharose CL-6B chromatography of 20 I urine. Figure 6B shows 
the autoradiograph of the corresponding native gel assay indicating a peak of the TNF inhibitor at fractions 57-63, 
which is about 80mM NaCl. 

The TNF inhibitor was further purified using a TNF affinity column Recombinant TNF was expressed in BL21/DE3 
_ 35 at about 1 0-20% total cell protein. The cell pellet was French -pressed at 20,000 psi and the soluble material dialyzed 
at 4 3 C against 0.025 M Tris-CI pH S.0. The dialyzed lysate was 0.2 micron-filtered and loaded onto a Mono-Q FPLC 
column equilibrated with 0.025 M Tris-CI ph 8.0. A linear gradient from 0 toO.5 M NaCl in 0.025 M Tris-CI pH 8.0 was 
run and monitored by OD 260 . One ml fractions were collected and analyzed for purity by SDS-PAGE. The subsequent 
TNFa pool was about 95% pure based on Coomassie-stained SDS-PAGE and was fully active based on a Bradford 

40 protein assay, using tysozyme as a standard, and an ME180 bioassay, using Amgen's TNFa as a standard (Brad1ord ; 
M. Annal. Biochem. 72, 248-254 (1976)). 

TNFa was concentrated in an Amicon Centriprep-10 to about 25 mg/ml, dialyzed against 100 mM NaHC0 3 , pH 
8.5, and coupled to Affiget-15 resin at 25 mg TNF/ml resin. A coupling efficiency of greater than 80% yielded a high 
capacity resin which was used to further purify the TNF inhibitor. 

4& PMSF, at a final concentration of 1-4 mM, was added to the DEAE CL-6B pool and applied to a 4 x 1 cm TNF 

affinity column equilibrated at 4 C C with 0.025 M Tris-CI pH 7.5 at a flow rate of 0. 1 rnl/min. The column was then rinsed 
with 0.025 M Tris-CI pH 7.5 until the OD £60 of the effluent returned to baseline. The column was subsequently eluted 
with 0.05 M NaPhos, pH 2.5 and monitored by OC 280 . Figure 7 shown the OD 230 profile of the C.05 M NaPhos pH 2.5 
elulion from the TNF affinity column. 

so The TNF inhibitor was purifieo to homogeneity by reverse phaso HPLC on a Syncropak RP-8 (C8) column. Tho 

OD 280 peak from the TNF affinity column was pooled and immediately loaded onto a RP-8 column, equilibrated with 
0.1% TFA/H 2 0, a linear 1%/min gradient of 0.1% TFA/acetonitrile was run, from 0-50%. and monitored by OD 21G and 
OD 280 . Fractions were collected and assayed from bioactivhy using L929 ceils and the native gel assay described in 
Example 1.B. Both of these assays indicate bioactivily at fractions 28-32 which corresponds to a peak of OD 215 and 

55 OD 280 eluting at 18% acetonitrile. 

Figures 8A and 8B show the chromatographic profile of the TNF affinity pool on a Syncropak RP-3 column with 
the corresponding bioactivity from the L929 cytotoxicity assay. Figure 8B shows a silver stained 15% reducing SDS- 
PAGE of the RP-8 pool indicating a single band at 30kDa. 
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D. Characterization ot the Protein Component of 30kDa TNIF Inhib itor 

30kDa TNF inhibitor is a glycoprotein as was detected using Concanavalin A-Peroxidase after the protein was 
transferred onto the nitrocellulose filter. This method is a modification ot Wood and Sarinana (Analytical Biochem. 69, 
320-322 (1975)) who identified glycoproteins on an acrylamide gel directly The peroxidase staining of glycoprotein 
was performed by using peroxidase conjugated Con A or non-conjugated Con A. When non-conjugated Con A was 
used, the nitrocellulose filter was incubated for one hour in a solution containing Con A (0.5 mp/ml, Miles Laboratory) 
in phosphate buffer, pH 7.2 (PBS); then washed 3 x 5 min. in PBS. The washed filter was incubated in horseradish 
peroxidase (0. 1 mg/ml. Sigma Chemical) for one hour. After 3x 15 min. was in PBS the filter was immersed in a solution 
containing 3 mg/ml 4-chloro-t-naphthol (Sigme Chemical) and 12.5 ul/ml ot hydrogen peroxide until the color was 
developed. Glycoprotein was seen as a purple color. A photograph was made as soon as the filter was developed as 
shown in Figure 3. 

Chemical deglycosylation ol TNF inhibitor was carried out by the method ot Edge, Faltynek, Hot, Reichert and 
Weber (Analytical Biochem. 118, 1 31-137 (1981)). A mixture of 0.25 ml anisdle (Eastman Kodak) and 0.5 ml of IriNuor- 
omethanesulfonic acid (Eastman Kodak) was cootod to 4°C then 1-200 ng of dry TNF inhibitor were dissolved in 3ul 
of this mixture. The tube was flashed with nitrogen, then incubated for 30 min. at room temperature. This deglycosylated 
protein was analyzed on SDS-PAGE (Figure 4). The molecular weight of chemical treated TNF inhibitor is about 18,000 
dalton. A band at 14,000 was seen also : but this may be a proteolytic fragment of deglycosylated TNF inhibitor. 

The enzymatic deglycosylation using N-clycanase was performed following the manufacturer's protocol (Genzyme 
Corp. ) except TNF inhibitor was incubated with N-glycanasc for 5 to 5 hours instead of overnight. The molecular weight 
of the deglycosylated form of denatured TNF inhibitor is shown to bo about 20,000 dalton (Figure 5). When the inhibitor 
is not denatured prior to deglycosylation. the molecular weight of the deglycosylated protein is abou: 26.000 dalton. 

E. Deglycosylated 30kDa TNIF-inhibitor binds to TNF. 

Radiolabeled TNF inhibitor (30kDa) way treated with TFMSA {trlfluofornethanesuffonic acid) in order to remove 
carbohydrates, and the TFMSA was separated from the protein by HPLC. The protein fraction was mixed with TNF- 
affigel for one hour at 4 C C : and ail unbound ma:erial was removed by centrifugation. The TNF-affigel was washed 
extensively with 50mM NaP04, pH 2.5. Radioactivity in each fraction was counted and also analyzed on a SDS-PAGE. 
Non-specific binding of TNF inhibitor was measured using anhydrochymotrypsin affigel. The results are shown in Table 
2. These results indicate that deglycosylated TNF inhibitor (30kDa) binds to TNF. 



TABLE 2 



Sample 


Type of Affinity 


Count (CPM) 


Flow Through 


Eluate 


Native TNF-INH 
Native TNF-INH 
TFMSA-Treated TNF-INH 
TFMSA-Treated TNF-INH 


TNF 

Anhy CT 
TNF 

Anhy CT 


49401 (55.0%) 
80000 (9S.0%) 
13369 (73%.0) 
15682 (94.0%) 


40014(45.0%) 
1739(2.0%) 
490B (27.0%) 
925(5 0%) 



In another experiment, radiolabeled TNF inhibitor (30kfJa) was reduced, then deglycosylated with N-glycanaso. 
After deglycosylation, the material was incubated with 13 mM oxidized glutathione (GSSG) for 10 minutes at room 
temperature, and diluted 5 foid with SOmM Tris. Cysteine was then added to a final concentration, of 5rnM. The material 
was incubated at 4 3 C for 16 hours -hen mixed with aTNF-affigei 'or one hour at 4° C. Unbound material was removed, 
and the gel was washed extensively with, 50mM Tris-HCI, pH 7.5. The bound material was eluted with 50mM NaP0 4 , 
pH 2.5. Radioactivity in each fraction was analyzed, and a SDS-PAGE was performed for each fraction. As seen in 
Table 3 and Figure 18, the deglycosylated and reoxid^zec TNF inhibitor also binds to TNF. 



TABLE 3 



Sample 


Type of Affinity 


Count (CPM) 


Flow Through 


Eiuate 


Native TNF-INH 

Native TNF-INH (reducod/reoxidized) 
TFMSA-Treated (reducod/reoxidi7ed) 


TNF 
TNF 

Anhy CT 


18281 (60.0%) 
28589 (94.0%) 
31371 (98.70) 


12603 (40.0%) 
1964(5.0%) 
421 ( 1.3%) 



19 



EP 0 422 339 B1 



TABLE 3 (continued) 



Sample 


Type of Affinity 


Count (CPM) 


Flow Through 


Eluate 


Deglycosylated TNF-INH (reduced/reoxidized) 
Degtycosylated TNF-INH (reduced/reoxidized) 


TNF 

Anhy CT 


25066 (85.0%) 
29619 (98.4%) 


4305(15.0%) 
495 (1.5%) 



Example 2. Sequencing of 3QkDa TNF Inhibitor 

N-terminal sequences were determined using Applied Biosystems Protein Sequencers, models 470 and 477. Prior 
to sequencing, peptides generated from a variety of proteolytic enzymes were purified on an Applied Biosystems C8-mi- 
ciobore HPLC column (22 cm x 2. 1 mM). 

A. Amino Terminal Sequencing 

Approximately 250 pmoles of reverse phase (RP-8) purified TNF inhibitor wore applied directly to a polybrene filter 
and subjected to automated Edman degradation. The resulting sequence information yielded the first 30 amino acids 
of the molecule. 

B. Endoproteinase Lvs-C Digestion of Native Protein 

Approximately 250 pmoles (5 ug) of reverse-phase purified TNF inhibitor was digested with 1 ug of endoproteinase 
Lys-C. The 12 hour digeslion at 25°C was carried out in the presence ol 1M urea, 0.01% Tween 20, and 150 mM 
NH 2 HC0 3 , pH 8.0. Prior to peptide purification the digest was reduced by incubation for 1 hour -ollowing addition of 
50-fold molar excess of dithiothreitol, or reduced and alkylated by a further one hour incubation at 37°C using a two- 
fold molar excess of [ 3 H]-iodacetic acid over dithiothreitol. Figure 9A shows the reverse phase HPLC pattern of this 
digestion. Figure 9B shows the reverse phase HPLC pattern of this digest followed by alkylation. 

C. Endoproteinase Asp-N Digestion of Native Protein 

Approximately 250 pmol (5ug) of reverse phase purified TNF inhibitor was cigested with 0.5-2.5 ug endoproteinase 
Asp-N. The 1 2-1 8 hour digest at 37°C was carried out in th* presence of 1M guanidine-HCl, 0.01 % Tween 20 and 1 50 
mM NaPhos, pH 8.0. 

Prior to peptide purification the digest was reduced and alkylated as in Exsmple 2J3. Figure 10 shows The reverse 
phase HPLC pattern of two such digests 

D. Reduction Carboxvmethviation of Protein 

The reverse-phase HPLC purified TNF inhibitor was reduced and carboxy methylated with [ 3 H] Sodoacetic acid as 
described by Glazer, et al., in Chemical Modifications of Proteins, pp. 103-104 (1 975), except two successive rounds 
of reduction followed by alkylation were used. The protein was re-purified by reverse-phase HPLC prior to proteolytic 
digestion. 

E. Endoproteinase V8 Digestion of Reduction Carboxymethytation of Protein 

An analytical digest was performed by dissolving 55 pmoles (about 1 ug) of reduced carboxymethylated TNF 
inhibitor in 150 mM NaHCO 0 pH 8.0, and cigesting it with 0,2 ug V8 protease for 18 hours at 25°C. Reverse-phase 
HPLC (Figure 11 A) revealed three sequenceable peptides and indicated a larger scale digest was in order. Approxi- 
mately 220 pmoles (4.5 ug) of reduced carboxymethylated tnf inhibitor was digested with 1 ug V8 protease for 5 
hours at 25°C, when an additional 0.5 ug V8 protease was added and the digestions continued for 16 hours. Figure 
1 1 B shows the reverse-phase HPLC of the large scale V8 digest. 

F. Complete Primary Structure of 30kDa TNF Inhibitor Based on Peptides Soqucnccs and cDNA Sequence. 

Various peptide fragments were aligned according to the cDNA sequence obtained in Example 4. This is shown 
in Figure 1 9. Residues which are not identified by protein sequencing are residue numbers 14, 42, 43, 44 : 96 : 97, 105, 
107, 108, and 110 through 119. The sequence ol Gln-lle-Glu-Asn is apparently the carboxyl terminus of the 30 kDa 
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TNF inhibitor 

Example 3. 3QkDa TNF inhibitor is produced by U937 cells stimulate d with PMA and PHA . 

s The monocyte-like cell line U937 was grown at 37°C in RPMI medium containing 10% fetal calf serum to a cell 

density of 1 x 10 6 cells/ml. The cells were then removed by centrilugation and resuspended on 5 different 100 cm 2 
petri plates at 2 x 10 6 cetls/ml in RPMI without serum containing 10 ng/rn! of PMA (phorbol 12-myristate 13-acetate) 
and 5 ug/ml PHA-P (phytohemagglutinin-P). The conditioned medium from one plate was harvested after only 10 
minutes of incubation and used as a zero time control. The medium from the remaining plates was successively re- 

io moved at 24 hours, 48 hours, 72 hours and 96 hours after plating. The protein contained in these samples was con- 
centrated into approximately 400 ul each by Centriprep-10 (Amicon Corp.) treatment. Each 400 ul sample was then 
mixed with an equal volume of an Affigel-1 5 (Biorad Corp.) preparation containing approximately 10 mg/ml of purified 
human recombinant TNFa that had been prepared in our laboratory. This TNFa, prior to being bound to the Affigel-1 5 
resin, had been shown Lo be bioaclive by iLs toxicity to murein L929 cells. 

is The conditioned medium was incubated at room temperature batchwise with the TNFa affinity resin for 2 hours. 

The unbound fraction was removed after centrifugation of the resin and the resin was subsequently washed with 1 ml 
(500ul, 2x) of PBS (phosphate buffered saline, pH 7.5) containing 0.1% gelatin. Bound material was eluted with a 25 
mM solution of monobasic sodium phosphate, pH 2.5 (400 ul : 2x). 40 ul of each of the unbound; washed, and eluted 
fractions were dried, resuspended in 10 ul of 25 mM Tris pH 7.5, mixed with 2 ul (100 pet) of 12S l-TNFa (400-800 ci/ 

20 mmolc, Amcrsham) and incubated for 30 minutes at room temperature. These mixtures were then mixed with 5 ul ot 
40% sucrose and 1 ml ol 0. 1 % bromophenol blue and applied to a 4% native scrylamide gel as described in Example 
1.B. The conditioned. medium from all samples except the zero control contained TNFa binding activity by this assay 
as shown in Figure 15. 

The remaining 300 ul from each sample (1st low pH elution) were applied to a C8 HPLC column and eluted with 
25 a linear gradient of acetonitrile over 60 minutes (1%/rr^nute, 1 ml/minute flow rate, 1 ml fractions were collected). Each 
fraction as dried and resuspended in 50 ul ot PBS + 0.1% gelaiin. 10 ul of each of these samples was mixed with 125 l- 
TNFa as above and analyzed by native polyacrylamide gel. TNFa binding activities are detected in fractions corre- 
sponding to 33% and 36% acetonitrile as shown in Figure 16. 

30 Example 4. Analysis of messenger RNA from PMA/PHA treated U937 cells 

U937 cells were grown as described in Example 3 to a density of 1 x 10$ cells/ml and then resuspended in scrum- 
free medium at 2 x 10 6 cells/ml without or with PMA (10 ng/ml) and PHA (5 ug/ml). Samples were taken at 1 hour +/- 
PMA/PHA and 17 hours + PMA/PHA only. Total RNA was prepared form the cells by the guanidinium thiocyanate- 

35 phenol-chloroform method of Chomczynski ard Sacci (Analytical Biochemistry J62; 156- 159, (1987)). Poly A + RNA 
was prepared from total RNA by annealing to oligo dT cellulose (Bethesda Rasearch Labs). Eight micrograms of each 
poly A + RNA was then applied to a 6.6 formaldehyce, 1 .2% agarose gel. The RNA within the gel was then blotted to 
a zeta probe membrane (BioRad). The membrane was treated as described in Example 5 for screening of a human 
genomic DNA library with oligonucleotide probes. 1 x 10 s cpm/ml of a labelled single stranded DNA probe (polynucle- 

40 otide kinase) was added. The sequence of this probe is: 

5 • TTGTGGCACrrGOTACAGCAAAT 3 ■ 

45 and it corresponds to bases 410-433 of the sequence set forth in Figure 1 3. Following overnight hybridization at 65 0 C, 
the membrane was washed once at room temperature in 6 X SSC 0.1% SDS and once at 65°C in the same solution 
and then exposed to x-ray film for 72 hours. The autoradiogram shown in Figure 17 shows that PMA/PHA treatment 
of U937 celis in serum-free medium for 1 hour clearly stimulates the expression of the 30kDa TNFa inhibitor messenger 
RNA and that by 17 hours of treatment this message is virtually absent from the cells. The molecular size of the 30kDa 

so TNFa inhibitor messenger RNA based on this experiment is approximately 2.4 kilobases. 

Example 5. Preparation of a human genomic DNA library for 3QkDa TNF inhibitor 

Human genomic DNA was partial-V digested with Sau 3Al and size selected. DNA with an average size of 15 KB 
55 was ligated into the Bam HI site of bacteriophage lambda Charon 30. (Rimnrv D.L , Horness, D. , Kucera : J., and Blattner, 
F.R. Gene 12:301-309 (1980)). Phage were propagated and amplified on E. coli CES 200. 
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A, Probes 

The four degenerate oligonucleotide hybridization probes listed in Table 4, were synthesized on an Applied Bio- 
systems DNA synthesizer. Each probe mixture consisted ol al! possible DNA sequences coding tor the given peptide 
5 sequence. 



TABLE 4 


Peptide 


Peptide 


Probe 






Pane . 








Profre Sequence 


LysC 18 


KEMGQVE 


7NFBP-P20 


5 


1 TCNACTCTGNCCCATTCTCTCTT 3 1 


LysC 11 


QGKYIHP 


THFBP-P2 1 


5 


1 CAAC^SNAAAGTATCACATCC 3 • 


LysC 11 


YNDCPG 


TNFBP-P3 1 


5 


• TATCJJStTCGAT(rrGTCCCNGO 3 » 


LysC 11 


YIKPQKN 


TNFBP-P4 


5 


* n'AGTTTCTGNGGAGTCAGT 3 • 






N « G, A, 


T, 


or C. 



25 

Oligonucleotides were labeled with [gamma - 32 P] ATP (Arnersham Inc., Ailington Heights, ID and T4 polynucle- 
otide kinase (Boehringer Mannheim, Indianapolis. IN) to a specific activity of 6-9 x 10 5 c.p.m./picomole according to 
manufacturer's instructions. 

30 B. Methodo?ogy : 

B.4 x 10 5 lambda phage containing human genomic DNA were plalod and transferred to duplicate nitrocellulose 
filters. These filters were hybridized with 1 pMol/m: cf probe TNFBP-P2' for 16 hours in a solution containing 1.0 M 
NaCI, 0.1 M sodium citrate, 2x Denhardts solution (Denhardt, D.T. Bicchem. Biophys. Res. Commun. 23:641-646 

35 (1 966)), 0. 1 % SDS, 0.05% sodium pyrophosphate and 1 50 ugr'rnl yeast tRN A at a temperaiuro of 52 C C. This temper- 
ature is 2°C below the calculated Tm for the most AT- rich member of the oligonucleotide pool. (Suggs.. S.V. in Devel- 
opmental Biology Using Purified Genes, (Brown, D D , and Fox, CF. eds.) Academic Press, New York, pp. 6S3-693 
(1981)). After hybridization, th« fillers were washed for 45 minutes at ambient temperature with three changes of 1 M 
NaCI, 0.1 M sodium citrate and 0.5% SDS. A stringent wash cf eight minutes was done at the calculated Tm (i.e., 2°C 

40 above hybridization temp) for the most AT-rich member to the pool. Filters were then dried and autoradiographed for 
40 hours with one intensifying screen at -70°C. 

Eleven positive hybridizing plaques were detected and these were isolated and amplified. The ability of these 
clones to hybridize to TNFBP-P20, TNFBP-P3' and TNFBP-P4 was tested using similar methodology. One clone 
(TNFBP-8) hybridized to all four oligonucleotides. This clone was plaque purified and amplified. DNA was prepared 

45 from this clone using Lambda-Serb (PromGga Corporation, Madison Wl) and a method described by the manufacturer. 

One microgram of this DNA was then digested with Sau 3Ai and tha fragments subcloned into Bam HI digested 
M13 sequencing vector mp 19 (Vanish- Perron, C. ; Viera ; J., and Messing, J. Gene 33:10S-H9 (1935)). Mi3 clones 
were then transferred to duplicate nitrocellulose filters and hybridized to the oligonucleotide probes in Table 4 using 
conditions previously describee. Positive subclones were purified and sequenced (Sanger, F.. ano Coulscn, A.R.J. 

so Mol. Bio!. 94:441 -44*3 (1975)) using a modified T4 DNA polymerase (Sequenaso, US Biochemical Corp., Cleveland 
OH) as described by the manufacturer, and ujjing as primers either th9 degenerate probes used to identify the clone 
or sequence obtained using those probes Among the sequences obtained are those cf Subclones TNFBP-M1 3-Sau3A- 
P2'-2 and TNFBP-M13-Sau3A-P4 Prime rs P3 : P3\ P2\ P2 and P4. The sequence data is set forth in Figure 1 3. The 
sequence contains DNA coding 'or at least 43 amino asids of 30kDa TNF inhibitor peptides other than those specified 

55 by the probes and therefore confirms that the clone TNFBP8 codes for TNF inhibitor. The sequence also shows that 
the gene for TNF inhibitor includes at leas; one intron (GTAGGGGCAA CCCCATTCACAG). Finally, ihis se- 
quence shows that 30kDa TNF inhibitor is synthesized as a precursor protein and that a proteolytic cleavage al the 
Arg-Asp sequence is required to generate the mature, active protein. 
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Example 6. Preparation and screening of a cDNA library of mRNA from U937 cells stimulated with PMA/PHA . 

The experiment described in Example 4 shows that U937 cells treated with PMA/PHA tor 1 hour should contain 
a pool of messenger RNA enriched for the TNF inhibitor (30kDa). Accordingly, a cDNA library was prepared from polyA + 

5 RNA obtained from U937 cells treated with PMA/PHA as described in Example 4. Double stranded, blunt ended cDNA 
was obtained from approximately 5 ug of poly A + RNA essentially as described by Gub!er : U, and Hoffman, B. J. ( (1 983 
Gene . 25:263) using lot tested reagents (Amhersham, Arlington Heights, IL) according to procedures recommended 
by the manufacturer. Approximately 1 ug of double stranded cDNA obtained was treated with the enzyme EcoRI meth- 
ylase and EcoRI linkers having the sequence: d(pCCGGAATTCCGG) (New England Biolabs, Beverly, MA), were at- 

10 tached via T4 DNA ligase followed by digestion with endonuclease EcoRI. This DNA was then ligatod into a lambda- 
bacteriophage cloning vector gtlO (Young, R.A., and Davis, R.W. (1963) Proc Natl Acad Sci USA : 80: n 94-11 98) that 
had been digested with EcoRI and the product packaged into infective lambda-bacteriophage particles using lambda- 
DNA packaging extracts (Gigapack II Gold) obtained from Stratagene (La JoIla : CA) according to their protocol. This 
lambda-lysate (cDNA library) was then used lo infecl E. coli strain C600 hilA and il was shown that Ihe library contained 

15 approximately 2.5 x 10 6 recombinant members. 

Approximately 4 x 1 0 5 members of this library were plated on E. coli strain C600 hfIA (5 x 1 0 4 p.f.u./plate). Duplicate 
lifts to nitrocellulose were made and the filters were treated as described in Example 5 for screening of the human 
genomic library. The DNA on the filters was then hybridized to the same ^P labelled probe as described in Example 
4 except that the temperature of incubation was 42°C. From 4x 10 s recombinant phage plated, 3 duplicate plaques 

20 hybridized to this probe. These were further rcisolalcd and probed as above and with an additional synthetic probe 
having the sequence: 

5 r CCCCXWGCCTCCACACTCATTGTA 3» 

25 

This probe corresponds to bases 671-694 ot the human genomic TNF inhibitor clone shown in Figure 13. Both 
probes hybridized to all three plaques identified with the first. 

After plaque purification DNA was prepared from these three clones and subcloned into the EcoRI site of M13 
vectors MP 18 and MP19 as described in Example 5. Each of these cDNAs consist of two EcoRI fragments one of 
30 approximately e00 bp common to all three clones and another 1 300 bp, 1100 bp or 1 000 bp depending on the clone. 
The likely origin of the unique EcoRI fragments in each clone is incomplete elongation by th9 enzyme reverse tran- 
scriptase during 1st strand synthesis of the cDNA. Therefore, those Eco RI fragments likely represent the 5' end of the 
TNF inhibitor MRNA and the BOO bp fragment the 3' end. This is confirmed by the DNA sequence obtained for these 
fragments as described below. 

35 From the EcoRI subclones of the cDNA described above the entire sequence of the 2100 bp cDNA was obtained. 

The didioxy nucleotide chain termination method of sequencing was used (Sanger, F. and Coulsoa AR. (1 975) J. Mol. 
Biol . 94:441-448). The modified T7 DNA polymerase, Sequenase (U.S. Biochemical, Cleveland, OH) was used as the 
elongation enzyme as described by the supplier. Sequencing primers were synthetic oligonucleotides prepared from 
the human genomic sequence of the TNF inhibitor as shown in Figure 13 or sequences obtained using those primers. 

40 Figure 20 shows the translated sequence derived from one of the cDNA clones. This sequence corresponds to that 
obtained by protein sequence data as described in Figure 19. The entire sequence of the human 30kDa TNF inhibitor 
cDNA from clone Iambda-g110-7ctnfbp is shown in Figure 21 . 

Example 7. Expression of the 30kDa TNF inhibitor cDNA in Escherichia coli 

45 

The portion of the TNF inhibitor ( 30kDa) cDN A gene coding for the soluble TNFa binding activity has been prepared 
for expression in E. coli as described below. 

Because the protein coding sequence defining the C-terminal portion of the urine derived TNF inhibitor (sequence 
QIEN, base 771 Figure 20) is nol followed by a termination codon in the cDNA sequence, one was added by oligonu- 
50 clectide directed in vitro mutagenesis (Biorad. Richmond, CA). An M13MP19 clone of the 1300 bp EcoRI fragment 
from the clone Iambda-gt107ctnfbp, was hybridized with the synthetic oligonucleotide: 

5' CTACCCCAGATTOAGAATTAAGCTTAAGGCCACTGAGGAC 3* 

55 

After 2nd strand synthesis and transfection into an appropriate host, mutant clones were identified by hybridization 
to the above described mutagenic oligonucleotide. The molecular identity ol the clones so identified was confirmed by 
DNA sequencing as described (Example 5). Next, a 469 bp Iragment defined by Styl (position 303) and Hindlll defining 
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the C-terminus of the protein was removed from the Rf form as a mutagenized clone and inserted Into E. coll expression 
plasmid containing Ihejacl promoter (DeBoer, HA, el a!., (1983) Proc. Nail. Acad. Set. USA 80:21-25). This conslruc- 
tion was accomplished by use of the synthetic double strand adapter sequence: 

5 

5' GATCCGATCTTGGAGGATGATTAAATGGACAGCGTTTGCCCC 3* 
GCTAGAACCTCCTACTAATTTACCTGTCGCAAACGGGGGTTC 

to This adapter translationally couples tho TNF inhibitor gene (truncated form as described above) to the first 12 

codons of the bacteriophage T7 gene 10. The DNA sequence of this construct from the point of transition initiation 
at gene 10 through the adapter sequence is shown in Figure 22. A methionine codon (ATG) is necessarily added to 
the TNF inhibitor gene sequence for expression in E . coH . This plasmid is called pTNFiX-1 . 

The predicted molecular weigh I of this prole in is approximately !7.600kDa a molecular weight that is very close 

t5 to the deglycosylated native TNF inhibitor (30k Da). 

Example 8: Purification of active TN F inhibitor (30kDa) from Escherichia coli 

Cells from one liter of E. coli culture (pTNFIX-1JM1071on-) grown under induced condition for 2 hours were re- 

20 suspended in 10 mi of 50mM Tris-HCI. pH 7.5 containing 2mM EDTA (TE buffer) and French pressed at 20,000 psi. 
at 4*C. The material was centrifuged at 20,000g for 10 mh. The resulting peilet was washed once with TE-buffer. The 
washed pellet was resuspended in 2 ml of 6M Guanidine-HCl and incubated at room temperature for 10 min. After the 
incubation, 30 u I of 500 mM DTT was added and the mixture was incubated at room temperature for another 30 min. 
The material which remained insoluble after this treatment was removed by centrifugation at 20,000g for 1 5 min. 1 20 

25 ul of 500 mM oxidized glutathione was added to the supernatant, and the mixture was incubated at room temperature 
for 10 min. This material was then diluted in 20 ml of 0.6% Tri base solution, and 220 ul of 500 mM cysteine was added. 
The incubation was continued for another 16 hours at 4°C. After 16 hours of incubation, some insoluble residue was 
observed. This insoluble material was removed by centrifugation at 2C : 00Oc lor 20 min. The resulting supernatant was 
dialyzed against 50m M Tris-HCI pH 7.5 for 16 hours at 4°C. then centrifuced at 20,000g for 10 rrin. PMGF at a final 

30 concentration of 4mM was added to this supernatant and this material was loaded onto a TNF-affinity column (.7 x 
2cm) at a flow rate of 0.1 ml per min. This column was extensively washed with 50 mM Tris-HCI pH 7.5. and bound 
proteins were ctutcd with 50mM NaP0 4 -HCI pH 2.5 The pH 2.5 cluatc was loaded onto an RP8 column which was 
previously equilibrated with 0.1% TFA/H20. TNF inhibitor was eluted with a linear gradient of 0.1% TFA/acetonitrile at 
1 %/min. (Figure 25). Fractions were analyzed on SDS-PAGE (Figure 26). and cytotoxicity assay was performed (Figure 

35 25) to localize the TNF inhibitor. The E. coli -produced TNF inhibitor (30kDa) migrates to about 20 kDa, since it is not 
glycosylated. Fractions number 30 through 35 contain TNF inhibitor. The amino terminal sequence of this material 
shows that the E. coli produced TNF inhibitor has the following sequence: 

40 Met-Asp-Ser-Val- ( ) -Pro-Gln-Gly-Lyn-Tyr-Ile-His-Pro- 

Gln-Aan-A»n-S*r- 



By using this procedure, about 40 ug of TNF inhibitor (30kDa) was obtained from one liter of the culture. The yield 
& was about 2 to 3%. The yield can be increased to over 50% by purifying the TNF inhibitor before refolding. 

Example 9. Expression of genes encoding 30kPa TNF inhibitor in animal celts 

Animal-cell expression of TNF inhibitor requires Hie following steps: 

50 

a. Construction of an expression vector. 

b. Choice of host cell lines. 

c. Introduction of the expression vector in host cells. 

d. Manipulation of recombinant host cells to increase expression levels of TNF-DP. 

55 

1 . TNF inhibitor expression vectors designed tor use in animal cells can be of several types including strong con- 
stitutive expression constructs, inducible gene constructs, as well as those designed tor expression in particular cell 
types. In all cases : promoters and other gene regulatory regions such as enhancers (inducible or not) and polyade- 
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nylation signals are placed in the appropriate location in relation to the cDNA sequences in plasmid-based vectors. 
Two examples ol such constructs lollow. 

A construct using a strong constitutive promoter region can be made using the cytomegalovirus (CMV) immediate 
early gene control signals. This plasmid can be constructed using standard molecular biological techniques (Maniatis, 

$ et al., Molecular Cloning, a Laboratory Manual . Cold Spring Harbor Laboratory, 1982) and resulting in the plasmid 
shown in Figure 23.(pCMVXV beta TNFBPstopA) The SV40 origin of repiication is included in this plasmid to facilitate 
its use in COS cells for transient expression assays. This particular construct contains the CMV immediate early pro- 
moter and enhancer as described by Boshart, et al. : (Cell 41 :521 -530, 19S5) followed by the rabbit B-globin second 
intron (see van Ooyen et al.. Science 206:337-344, 1979) which is flanked by Bam Hi arid EooRI restriction sites. This 

to intron is included because expression levels have been shown to be inct cased when introns are included in the tran- 
scribed regions of some expression vectors (Buckinan and Berg ; Mol. Cell. Biol. 8:4395-4405, i98S). The polyade- 
nylation signal is provided by simian virus 4C (SV40) sequences (map coordinates 2589*2452: see Reddy, et al., Sci- 
ence 200:494-502 1978). The 30kDa TNF inhibitor cDNA sequences have been modified as follows: the extensive 
region located 3' of the C-lerminus of the purified TNF fnhibilor from human urine has been deleted and a slop codon 
_ _ js has been engineered into the position just following the C-turminal asparagine. Tho unmodified 30kDa TNF inhibitor 
cDNA sequences in an analogous vector have been inserted into COS cells and been shown to increase the TNF 
binding activity of such cells. 

The second construct (see Figure 24) (pSVXVTNFBP stop A) uses the strong constitutive promoter region Ironn 
the SV40 early gene in an arrangement such as that found in the plasmid pSV2CAT (German, et a!., Mol. Cell. Bioi. 

20 2:1044-1051, 1932). This plasmid should bo manipulated in such a way as to substitute! the TNF inhibitor cDNA for 
the chloramphenicol ace*yltransf9rase coding sequsncas using standard molecular biological techniques. Once again, 
the TNF inhibitor cDNA has been modified as described above for the CMV piomoter construe.. The SV40 early pro- 
moter region includes sequences from the Hind lll site to the Bam HI site (map coordinates 5090-188; see Reddy et al., 
Science 200:494-502, 1978) and the SV40 polyadenylation signal is as described above for the CMV construct. 

25 2. Two animal ceil lines have been used to express TNF Inhibitor using the vectors described above tc produce 

active protein. Cell lines that have teen characterised for the ii ability to promote expression of this foreign gene include 
the monkey Kidney cell, COS-7, and Chinese hamster ovary (CHO) dihydrofolate reductase deficient (dhf r) cells. 

3. To establish a continuous CHO-derivec cell line that secretes SOkDa TNF inhibitor into cell culture medium a 
TNF inhibitor expression plasmid has been introduced inio these dhf r cells alcne with a plasmid that directs the syn- 

30 thesis of dihydrofolate t eductase using the calcium phosphate-DNA precipitation technique described by Graham and 
van der Eb (Virology 52:456-467, 1973). The cells that have taken up DNA and express OHFR were selected as 
described by Ringold, ct aL (J. Mol. Appl. Gene t. 1:165-175, 1931). 

4. Cells that express the TNF inhibitor gene constructs can be manipulated to increase the levels of production cf 
TNF inhibitor. Cells containing TNF inhibitor expression vectors along with a dhf r expression vector should be taken 

55 through the gene amplification protocol described by Ringold, et al., (J. Mol. Ajpl. Genei. 1.165-175. 1981) using 
methotrexate, a competitive antagonist ol chfr. Gene amplification leads to more copies of the dhfr and TNF inhibitor 
genes present in the cells and, concomitantly, increased levels of TNF inhibitor mRNA which, in turn, leads to more 
TNF inhibitor piotein being produced by the cells. 

- 40 Example 10. Isolation of two types of TNF-inhibitors from U937 conciticr ed medium and the existence of the second 
TNF inhibitor in humeri urine. 

The human U937 cells were grown at a density o: 1 x 10* cells per ml in 150 cm 2 flasks using RPM1 1640 medium 
containing 200 units/ml penicillin, 200 units/ml ol streptomycin, 10% fetal calf serum. After 3 days of incubation at 37°C : 

45 the cells were harvested by contrifugation at 1500 G for 7 minutes. The cells were resuspended at a density of 2 x 10^/ 
ml in RMPH640 medium without serum. The cells were grown in the presence of 5 ug/mi PHA-P (Fhytohemagglutinin) 
and 10 ng/ml PMA (Photoo! 12-myristate 13-aceiaie) for 24 hours. 

The 24 hour medium (4425ml) was collected by centrifugation and concentrated by Am icon YM5 filter to about 
100 ml. This material was passed through a TNF-affinily gel (0.7 x 2cm) al a flow rale of 0 1 rnl/rnin and the gel was 

so washed extensively with 50mM Tris-HCI pH 7.5. The bound proteins wore eluted with 50 mM NaP0 4 -HCI. pH2.5 and 
TNF inhibitor was separated from other contaminating proteins by HPLC-RPG6. As seen in Figure 27 two TNF-inhibitor 
peaks are observed. SDS-PAGE analysis of the RPCB fractions shows that the molecular weights of the two peaks 
correspond roughly to 30kDa and 40kDa proteins {Figure 28). The 30kDa protein (TNF-1 NH1 ) was subjected to amino- 
terminal sequence analysis and found to be the 3ame sequence as that of urinary 30kDa TNF-inhibitor described 

55 above. However the protein sequence of the 40kDa protein reveals thai it is not the same as the 30kDa protein (see 
Example 11), Further purification of the second TNF inhibitor peak in the human urine, which is seen around traction 
35 in Figure 3, shows that it is also the 40kOa TNF-inhibitor protein (Figures 29 and 30). 

The 40kDa TNF inhibitor is also a glycoprotein. This was detected using Concanavalin A-peroxidase after the 
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protein was transferred onto a nitrocellulose filter as described in Example 1 .P. The molecular weight of N-glycanase 
Irealed 40kPa TNF inhibitor was shown on SDS-PAGE to be about 36kPa. (See procedure described Example 1 P. ). 

Following the procedures as outlined in Example 1.E. above, it may be determined that the degtycosfyated 40kDa 
TNF inhibitor also binds to TNF alpha. In addition, the deglycosylated 40kDa protein may also be shown to bind to 
s TNF beta (lymphotoxin). 

Example 11 . Protein sequencing of U937 derived 30kDa TNF inh i bitor, 4QkDa TNF inhibitor, and Urinary 40kDa TNF- 
inhibitor . 

io Amino terminal sequence of the proteins were determined using Applied Biosystem Protein Sequencer, Model 

470. Both native and reduced-carbcocy methylated proteins were sequenced. Approximately 200 pmoles of reverse 
phase (RP-6) purified TNF inhibitors were applied to a polybrene fitter and subjected to automated Edman degradation. 
The resulting sequence is shown in Figure 31 . It can be seen that the U937 -derived 30kPa protein is the same as that 
formed and identified in urine. The 40kPa TNF inhibitor protein is not same as the 30kPa TNF inhibilor protein. The 

15 urinary 40kPa TNF inhibitor protein does not contain two amino terminal residues; otherwise, it is 6ame as that of the 
U937-derived 40kPa protein. 

Example 12. Primary structure of the 40k0a TNF inhibitor . 

20 About 40 ug of the reduced and carboxymcthylatcd TNF inhibitor (40kDa) was digested with ondoprotcasc VB as 

described above : and the resulting peptides were separated on an RPC1 8 column (Figure 33). The peptides purified 
were sequenced using an Applied Biosystem Protein Sequencer, Model 470. 

About 90 ug of the reduced and carboxy methylated TNF inhibitor was treated with 5 ug of endopeptidase Arg-C 
in 0.2M ammonium bicarbonate at 37° C. After 24 hours of digestion, the Arg-C digested material was loaded onto an 

25 HPLC-RP8 column to separate peptides (Figure 32}. Purified peptides were sequenced as before. Some of the peptides 
were further digested with TPCK-trypsin or chymotrypsin. About 500 pmole of arg-C16 peptide was treated with 3 ug 
of TPCK-trypsin (Boehringer Mannheim) in 0.2M ammonium bicarbonate at 37°C for 7 hours, and peptides were sep- 
arated using RP3 (Figure 34). About 200 pmole of the peptide arg-C10 was digested with one ug of chymotrypsin 
(Boehringer Mannheim) at 37°C for three and a half hours, and the resulting peptides were separated on an RPC19 

30 (Figure 35). 

A partial slructure of the TNF inhibitor (40kPa) was determined by aligning various overlapping peptides (Figure 
36). A complete primary structure of the 40kDa TNF inhibitor is shown in Figure 39. Residues net identified by protein 
sequencing were deduced by review of the sequence of the cPNA clone that encodes the 40kPa TNF inhibitor and 
that is discussed in Example 14A and described in Figure 39. 

35 

Example 13. Identification of cPNA clones for the 40kDa TNFa inhibitor 

The information presented in Example 9 shows that U937 cells treated with PMAand PH A produce a TNFa inhibitor 
with a molecular weight of approximately 40kPa. This protein has been purified and it's amino acid sequence has been 
40 substantially determined, as described in Example 1 2. Table 5 shows the sequences of several peptides derived from 
this protein and gives the sequences of mixed sequence oligonucleotide probes used to isolate genes coding for the 
40kPa TNF inhibitor described here. 

The gene encoding sequences comprising the 40kPa inhibitor may be isolated rom the human genomic library 
described in Example 5, or a cPNA library constructed from mRNA obtained from U937 cells that had been treated 
45 with PMA and PHA for about 9 hours (See Example 14). Each library should contain approximately 1 .0 x 10 6 recom- 
binant. 
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TABLE 5 



TO 



15 



P*ptid< 

BYYDQTA 



AQUAFT 



c 

40KD-P2 1 5 * GAATATTATGATCAAACAGC 3 f 
G C C C G G 
T 

c c c 

40KD-P1 5 ' GTAAAACGAACTTGAGC 3 1 

G G G C G 
T T T 



20 



KQEGCR 40KD-PG 5 1 AAACAAGAAGGATGTCG 3 1 

G G G G CAC 
T 



25 



QMCCSKC 40KD-P5 5 1 CATTTAGAACAACACATTTG 3 1 

C GCTG G C 
T 



30 



c c 

OQTAQMC 40KD-P6' 5 v GATCAAACAGCACAAATGTG 3' 

C G G G G 
T T 



35 



PGWYCA 40KDP7 



C C C C 

5* CCAGGATGGTATTGTGC 3' 
G G 
T T 



40 Example 14. Isolation of ^OkDa TNF inhibitor cDNA sequences from PMA/PHA-induced U937 cells 

US37 mRNA was isolated from ceils that had been induced by FMA/PHA for 9 hours. It was then selecteo on an 
oligo-dT column, and the polyadenylated rnRNA thus isolated was used to make dscDNA using reverse transcriptase 
followed by E. col i polymerase !/RNaso H. The dscDNA was subjected to a polymerase chain reaction using, as primers, 

45 the degenerate probes (40KD-P1 ' and 40KD-P7) tihown in Tabto 5. The ON A products from this reaction were probed 
on a Southern blot with probe 40KD-P6' (see Table 5) identifying a single band that contained this sequence. This band 
was isolated on an agarose gel and clonsd into M1 3 phage DNA (strain mp16). After transformation into E. coii strain 
JM109 and plating on medium containing X-gal and IPTG. clear plaques were identified that contained the correct 
cDNA inserl. The sequence of the DNA in this clone is shown in Figure 37 along with the translation producl predicted 

50 from this sequence This amino acid sequence matches the peptide sequence shewn in Figure 36 (residues 12- 1 04) 
and Figure 38. 

Example 14A. Isolation of 40kDa TNF in hibitor cDNA clone from PMA/PHA-induces U937 Cells 

55 mRNA was isolated (Chirgwin, JM. et al. . Biochemistry t8 : 5294-5299) from human U937 cells that had been 

exposed to PHA and PMA for 9 hours. mRNA was purified form this RNA using oligo-dT cellulose (Aviv H. and Leder, 
P., 1972, Proc. Natl. Acad. Sci. (USA) 69, 140B-1412). 5 ugof this mRNA was used to synthesize 3 ug of blunt^ended, 
double-stranded cDNA (Guoler : tJ. and Hoffman, B.J. : 1983, Gene 25, 263-269). Aft9r addition of EcoRI linkers, the 
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cDNA was purified by sephacryl S-400 (Pharmacia) spun column chromatography and ethanol precipitated. One hun- 
dred ng of Ihis cDNA was ligaled into 1 ug of EcoR! -digesled and alkaline phosphalase-lrealed lambda gl-10 and 
packaged in vitro using giga-pack gold (Stratageno). The packaged cDNA yielded 2.5 x 10 6 recombinants when plated 
on E. coli C600 hfl. 1.2 x 10 6 members of this library were screened in duplicate with 22 P-labeled probe 40KD-P6+7 



s (5' GGG CGT ATG TGC TGT CCT CAC AGG 3') as descirbed (Benton, W.D. and Davis, R.W., 1977, Science 196, 
1B0-1E2). Twelve positive hybridizing clones were isolated and rescreened with probes 40KD-P6' and 40KD-P7 (see 
Tables in Example 13). Four of these clones hybridized to all three probes. On s of these clones, c40DK#6, was digested 
with EcoRI.. and a 2.2 kb insert was isolated and subcloned in both orientations into the bacteriophage M1 3 vector, 
mp19(Yarrish-Perron,C, et al. , 1995, Gene 33, 103-119). The sequence was determined from both strands using the 

10 chain termination method (Sanger, F. and Coulson, A.R., 1975, J. Moi. Biol. 94, 441-443) with Taq DNA polymerase 
(U.S. Biochemical). This sequence is shown in Figure 39 along with its deduced translation product. The sequence 
contains a single open reading frame extending from the ATG triplet at base 93 that extends well beyond the c-terminal 
sequence of the 40kDa proiein at the GAC triplet at base 863. 

is Example 15. The 40kDa TNF inhibitor inhibits TNF beta as well as TNF al pha 

Both the 30kDa TNF inhibitor and the 40kDa TNF inhibitor were examined to determine if they were also capable 
of inhibiting the activity of TNF beta (tymphotoxin). Various concentrations of TNF-beta (purchased from Endogen) 
were incubated with each of the inhibitors for one hour at room temperature. The resultant mixtures were analyzed via 
20 the L929 cell assay system as described in Example 1 .8.1. for TNF alpha. These experiments revealed that the 30kDa 
TNF inhibitor had little inhibitory effect on TNF beta. However th9 40kDa TNF inhibitor showed significant TNF beta 
inhibition. The results of these experiments can be seen in Figure 40, 

Example 16. Preparation of human genomic DNA library for 40kDa inhibitor 



An appropriate human genomic DNA library for 40kDa TNF inhibitoi may be performed as described in Example 
5 for 30kDa TNF inhibitor. 

Example 17. Preparation of genes for the Expression of the 40k0a TKF inhibitor cDNA in Escherichia coli 



Portions of the TNF inhibitor (40 kDa) cDNA gene coding 'or soluble TNF binding activities (Fig. 39) have been 
prepared for expression in E. coli as descrihed below. 

Because it has been difficult to definitively determine the C-terminal sequence of the mature 40kDa TNF inhibitor 
derived from urine or U937 cells, we constructed 3 derivatives of its cDNA coding sequence based on sequence analysis 
35 of the cDNA clone. The first extends to the putative transmembrane sequence of this protein base pair 863 (Figure 39) 
and ends with the peptide sequence . . . Gly Ser Tnr Gly Asp. The next two are 51 (A51) and 53 (A53) amino acids 
shorter than this clone and end at base pair 710 . . Sor Pro Thr, and base pair 734 . . . Ser Thr Ser, respectively 

Each of these three C-termini were created by in vitro mutagenesis ("MutaGene". BioRad ; Richmond: CA) of M1 3 
clones of the cDNA of the 40 kDa TNFa inhibitor. The longest clone was created first by use of the lollowing synthetic 
40 oligonucleotides: 



Oligonucleotide 1 inserts a translation termination codon after amino acid 235. Asp, Rnd creates a Hindi II restriction 
endonuclease recognition site at that point. Oligonucleotide 2 adapts the N-Terminal sequence of the mature protein, 
Leu Pro Ala ... bp 1 59 (Figure 39) for expression in E. coli by 1) inserting a Met, ATG codon at amino acid position 1 ; 
and 2) inserting a translational coupler sequence and 5' 3am Hi restriction endonuclease recognition site. The muta- 
genized fragment was removed by BamHI/Hindll! digestion of Ftf DNA of the mutant Ml 3 clone and inserted into an 
E. coli expression plasmid as described in Example 7. Clones bearing this gene construction are called TNF. 40. 

The two shortened clones were constructed as above using the mutagenized M1 3 derivative of the 40kDa TNFa 
inhibitor clone isolated above and the lollowing oligonucleotides: 



25 



30 



CAC TOG CCA CTA AGC TTC CCT CTT C 3» 
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5' GTCCCCCACCTAAGCTTCGGAGTATGG 3 f A>51 

5 5* GTCCACGTCCTAAGCTTCCCACCCGGA 3' A 53 

These two oligonucleotides introduce translation termination codons at bp 710 and 704 respectively (Figure 39). 
Clones bearing these gene constructions are caflod TNF:40 51 and TNF: 40 53 respectively. 

to Example 18. Expression of genes encoding 40kDa TNF inhibitor in animal cells 

Expression of the 40kDa TNF inhibitor clone in animal cells may be performed as described in Example 9. The 
extensive region located 3 1 of the c-terminus of tne 40kDa TNF inhibitor may be deleted and a stop codon engineered 
into the position just following the c-lerminal Aspartic acid. 

?s 

Example 19. Expression of the complete cDNA encoding 30kDa TNF inhibitor in mammalian cells increases TNF 
receptor sites 

An expression vector was mads that incorporated the entire 30kDa TNF inhibitor cDNA (2.1 kb) shown in Figure 
20 21, named p30KXVA, and was in all other respects identical to the vector shown in Figure 23 (i.e., the TNF-BP se- 
quences shown in that figure were replaced by the 2.1 kb cDNA using the unique EcgRI site in the plasmid). See 
Example 9 for a more complete description of the expression vector. This plasmid was introduced into COS7 cells 
using the lipofection procedure described by Feigner et al. (Proc. Natl. Acad. Sci. USA : 84, 7413 (1937)). Transfected 
cells were analyzed for their ability to bind t t25 l]TNFa. Figure 41 shows the results of the binding assay of cells that 
25 were mock-transfected or transfected with the expression vector p30KXVA. The number of binding sites on plasmid- 
transfected cells is dramatically higher that the number on the control cells. The complete cDNA clone (Le. ; the open 
reading frame that encodes a much larger protein than the 30kDa urine-derived inhibitor), in fact, represents a cDNA 
clone of a TNF receptor. 

30 Example 20. Expression of cDN A encoding 40KDa TNF inhibitor in mammalian cells increases TN; : receptor sites 

An expression vector was made using the 2.4 kb cDN A fragment isolated from the lambda phage page #6 described 
in Example 14A. This plasmid was identical to that described in Example 9 (Figure 23) except that the 40kDa TNF 
inhibitor cDNA sequences were substituted for the 30kDa TNF inhibitor cDNA sequences in that plasmid. Plasmids 

35 were isolated with the 2.4 kb EcoRl cDNA fragment in each orientation, named p40KXVA (sense orientation) and 
p40KXVB (anti-sense orientation). These plasmids contain the SV40 origin of replication, the cytomegalovirus imme- 
diate early promoter ano enhancer, the rabbit B-globin second intron, the 40KDa TNF inhibitor cDNA, and the SV50 
early polyadenylation signal (for a more complete description of this vector see Example 9) in a pBR322-based plasmid. 
These plasmids were transfected into CCS7 cells which were then assayed for TNF binding (see Figure 42). Cells 

40 transfected with p40KXVA exhibited a higher number of TNF binding sites on the cell surface than either COS7 cells 
alone or COS7 cells transfected with p40KXVB, suggesting that this cDNA encodes a TNF receptor. Other mammalian 
cells such as CHO cells could be developed that could overproduce this receptor or that secrete 40KDa TNF inhibitor 
into the tissue culture medium in ways described in Example 9. 

45 Example 21. Inhibitor isolated from human monocytos . 

Human monocytes were prepared from 550 ml of blood as described by (h annum, CM. et at. Nature 343, 336-340, 
1990). The fresh monocytes (2 x 10 7 cells) wore seeded in 500 rnl of serum f ee RPMM640 medium and treated with 
lOng/mf of PMA and 5ug/ml of PHA-P for 24, 48 and 72 hours al 37°C. AHer the incubation, the media were collected 

so by centrif ugation and concentrated to 50 ml. Tho concentrated media wore loaded onto a TNF-affinity column (2 ml 
bed volume) one sample at a time and eiuted with acid as in Example 1 . The eluted material was further purified using 
a HPLC RPC-8 column under the same conditions as in Example 1 , and each fraction was assayed with L929 cytoxicity 
assay. Figure 43 shows the two peaks of TNF inhibition activity. Those two peaks correspond to the 30 kDa and 40 
kDa TNF inhibitors which were also found in the culture medium of U937 cells that was treated with PMA and PHA 

55 and identified in urine. 
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Example 22. Expression and Purification of shorter forms of the 40 kDa TNF inhibitor [A51 and A53) from E. coli. 

Cells 300 ml of E. coli cultures (40kDa TNF inhibitor A51 and 40kOa TNF inhibitor A53) grown separately under 
induced condition for 2 hours were resuspended in 10 mi of 50 mM Tris-TCI. pH 7.5 containing 2mM EDTA (TE buffer) 

$ and French pressed at 20.000G for 10 min. The resulting pellets were washed once with TE buffer. The washed pellet 
was resuspended in 2 ml of 6M Guanidine-HCt/1 OOmM Tris-HCI. pH8.5/4mM PMSF, and incubated at room temperature 
for one hour. After incubation, 500mM DTT was added to a finai concentration of 4 mM, and the mixture was incubated 
at room temperature for another hour. Insoluble material was removed by cent rifugation at 20,0000 for 15min. 500mM 
oxidized glutathione was added to the-supernatant to a final concentration of 20 mM, and the mixture wa6 incubated 

10 at room temperature for 1 0 min. This material was then diluted in 20 ml of 0.6% Tris base solution with 5 mM cysteine. 
PMSF was added to a final concentration of 2mM. After 16 hours of incubation at 4°C. this material was dialyzed 
against 300 volumes of 50mM Tris-HCI, pH 7.5 for 3 hours at 4°C ; then centrituged at 20.000G for 15 min. The super- 
natant was loaded onto a TNF-affinity column (.7 x 2 cm, 1 3 mg rhTNF/ml ol affigei-10) at a flow rate of 0.09 ml per 
min. This column was extensively washed with 50mM Tns-HCI, pH 7.5. Tne bound proteins ware eluled with 50mM 

15 NaH2P04-HCI, pH 2.5. The ocidic efuatos were loaded onto an RP8 column (2 x 200mm, spelco) and the TNF inhibitors 
were eluted with a linear gradient of aceton.itrife in 0.1% TFA at a flow rate of 1 ml per gradient per min. (Figure 44A 
and 45 A). Fractions were examined by L929 cytotoxicity assay to iocalize the TNF inhibitors. The majcr peak on each 
RPB profile contains the TNF-inhibiting activity (Figure 44Band 45B). The E coli-produced TNF-inhibitors (40kDa TNF 
inhibitor A53 and 40kDa TNF inhibitor A51 ) migrate to the expected location on SDS-PAGE (Figure 44B and 45B). The 

20 amino terminal sequence cf these materials shows that the E. eoli-produced TNF-inhibitors have the following se- 
quence: 

Met-Leu-Pro-Ala-Gln-val-Ala-Phe-Thr-Pro-Tyr-Ala-Pro-Glu 

25 

By using this procedure, about iftOug of each 40kDa TNF inhibitor ( A51 and A53) was obtained from 30 ml of the 
culture. The yield was a few percent however, the yield can be increased to over 30% by improving each step of this 
purification. 

Both or these 40kDe TNF inhibitors (A51 and A53) inhibit not only TNF-alpha but also TNF-bets. 

30 

Example 23. Expression and Purification, of full length 40 kDa TNF inhibitor . 

An active 40kDa TNF inhibitor was purified from an E. coli strain carrying olasmids which have a gene for full length 
mature 40 kDa TNF inhibitor (as in Example 12). The method used to isolate an active inhibitor was the same as thai 
35 of example 22. This active inhibitor inhibits both TNF-alpha and TNF-beta, and the amino terminal sequence is same 
as shown in Example 22. 

Example 24. Amino acid composition of the 40 kDa TNF Inhibitor . 

40 U937 -produced mature 40 kDa TNF inhibitor was analyzed tor tota< amino acid composition by the PTC-amino 

acid analysis system. The actual and predicted composition data for full length mature 40kDa TNF inhibitor as shown 
in Figure 39 are shown in Table 6. 

Example 25. Production of chemically modified TNF inhibitors . 

45 

In order to increase the half-life cf the TNF inhibitors f n piasma, TNF inhibitors which are chemically modified with 
polyethylene glycol (PEG) may be made. The modification may be done by cress linking PEG io a cysteine residue of 
the TNF inhibitor molecules. Since all of the cysteine residues in the TNF inhibitors form disulfide bonds, mutant TNF 
inhibitors may be constructed which contain <=n extra cysteine residue al the amino terminus, glycosylalion siles, and 

50 the carboxy! terminus of each inhibitor The mutagenesis may be carried out by PCfl using oligonucleotides containing 
the desired mutation. As for Ihe 30kDa TNF inhibitor, an extra cysteine residue was added at residue number 1 : 1 4 or 
105. These mutant proteins were expressed in E. coli by using the same system described in Examples 7, 22 and 23, 
and refolded to active TNF inhibitor. The mutant proteins areasactivs as the non-mutated proteins. Pegylation of these 
proteins will be carried out. and the activity will be assessed. The 40 kDa mutants will be constructed as above and 

5S pegylation will be performed to obtain active proteins and will have increased the stability of the TNF inhibitor. 
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TABLE 6 
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ND 
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3 


ND 
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22 


ND 


ND: not determined. 



It is to be understood that the application of the teachings ot the present invention to a specific expression system 
will be within the capabilities of one having ordinary skill in the art in light of the teachings contained herein. Thus, it 
will be apparent to those ol ordinary skill in the art that various modifications and variations can be made in the processes 
2Q and products of the present invention. It is intended that the present invention covers these modifications and variations 
provided they come within the scope of the appended claims and their equivalents. 



Claims 



Claims for the following Contracting States : AT, BE, CH, DE, DK, FH, OB, IT, LI, LU, NL, SE 

1. A tumor necrosis factor (TNF) inhibitor comprising the amino acid sequence shown in Figure 19 wherein said 
40 inhibitor is produced in a host ceil which is not capable of glycosylation or which is £ non-human cell capable of 

glycosylation. 

2. A tumor necrosis factor (TNF) inhibitor which is non -glycosylated and has a molecular weight ot about 18 kDa. 
4$ 3. The TNF inhibitor of claim 2, wherein said TNF inhibitor is produced by recorrbinant-DNA methods. 

4. A TNF inhibitor comprising the amine acid sequence as shown by residues 1 through 235 in Fig. 38 (40 kDa 
inhibitor), as shown by residues 1 through 182 in Figure 38 (40 KDa inhibitor A53), 0' as shown by residues 1 
through 184 in Figure 38 (40 kDa inhibitor A51). 

so 

5. The TNF inhibitor of claim 4, wherein said TNF inhibitor is produced in a host cell which is not capable of glyco- 
sylation or which is a non-human cell capable of glycosylation. 

6. A TNF inhibitor comprising the amino acid sequence as set forth in Figures 19 or 36. except that the amino acid 
5 S at the N-terminus : at the C-terminus or at a site cf glycosylation is replaced by a cysteine residue. 

7. The TNF inhibitor of claim 6, wherein said TNF inhibitor has the amino acid sequence as shown in Figure 19 and 
said non-naturally*occurring cysteine is at residue number l, 14 or 105. 
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8. The TNF inhibitor of any of claims 1 to 3 and 6 : wherein said TNF inhibitor is linked to a high molecular weight 
polymeric material. 

9. The TNF inhibitor of claim 8, wherein said high molecular weight polymeric material is polyethylene glycol. 

s 

10. A pharmaceutical preparation comprising the TNF inhibitor according to any one of claims 1 to 9 in a pharmaceu- 
tically acceptable carrier. 

11. A method for the production of a TNF inhibitor comprising; 

70 

(a) culturing under conditions suitable for expression of said TNF inhibitor a host cell containing a nucleic acid 
comprising a sequence selected from the group consisting of: 

(i) ihe DNA sequence as shown in Fig. 13 or a coding portion thereof; 
is the DNA sequence as shown in Fig. 20 or a coding portion thereof; 

(iii) the DNA sequence as shown in Fig. 21 or a coding portion thereof; 

(iv) the DNA sequence as shown in Fig. G7 or a coding portion thereof; 

(v) the DNA sequence as shown in Fig. 39 or a coding portion thereof; 

(vi) a sequence which is degene-ate in the coding regions or portions thereof of (i). (ii), (iii), (iv), and (v); 

(vii) a sequence which hybridizes to a nucleic acid sequence which is complementary to (i). (ii), (iii), (iv), 
(v) or (vi); 

(b) harvesting said inhibitor. 

25 12. The method ol claim 11, further comprising b9fore step (a) the steps: 

I) Preparation of a nucleic acid comprising a sequence selected from the group consisting ol: 

(i) the DNA sequence as shown in Fg. 13 era coding portion thereof: 
30 (ii) the DNA sequence as shov/n in Fig. 20 or a coding portion thereof; 

(iii) the DNA sequence as shown in Fig. 21 or a coding portion thereof; 

(iv) the DNA sequence as shown in Fig. 37 or a coding portion thereof; 

(v) the DNA sequence as shown in Fig. 39 or a coding portion thereof; 

(vi) a sequence which is degenerate in ihe coding regions or portions thereof of (i), (ii), (iii), (iv) and (v); 
35 (vii) a sequence which hybridizes to a nucleic acid sequence which is complementary to (i), (ii), (iii), (iv), 

(v) or (vi); 

II) Cloning the DNA sequence into a vector capable of b«ing transferred into and replicated in a whole cell, 
such vector containing operational elements needed to express the DNA sequence; 

40 

III) Transferring the vector containing the synthetic DNA sequence and operational elements into a host ca- 
pable of expressing the DNA encoding the TNF inhibitor. 

13. The method ol claim 11, further comprising the step, 

(c) permitting the inhibitor to assume an active tertiary structure whereby it possesses TNF inhibitory activity. 

14. The method of claim 11, wherein said tnf inhibitor comprises the amino acid sequence shown by: 

(i) Figure 19; 
so (jj) Figure 38; 

(iii) residues 1 through 1S4 as set forth in Figure'38 (40kDa inhibitor A51): or 

(iv) residues 1 through 162 as set forth in Figure 38 (40kDa inhibitor A53). 

15. The method of claim 11, wherein said TNF inhibitor has a non-nalurally occurring cysteine residue at the C-termi- 
55 nus s the N-terminus, or a g'ycosylation she of said inhibitor. 

16. The method of claim 1 5, wherein said TNf : inhibitoi comprises the amino acid sequence as shown in Figure 19 
and said non-naturally occurring cysteine is at the N-terminus, C-terminus or at residue numbers 1 . 14 or 105. 
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17. A nucleic acid comprising a sequence selected from the group consisting of: 

(i) the DNA sequence as shown in Fig. 1 3; 

(ii) the DNA sequence as shown in Fig. 20; 

(iii) the DNA sequence as shown in Fig. 21; 

(iv) the DNA sequence as shown in Fig. 37; 

(v) the DNA sequence as shown in Fig. 39; 

(vi) a fragment of (i). (ii), (iii), (iv) or (v) encoding a polypeptide having TNF inhibitory activity; 

(vii) a sequence which is degenerate of (i), (ii), (iii), (iv), (v) or (vi) encoding a polypeptide having TNF inhibitory 
activity; 

(viii) a sequence which is complementary to (i) : (ii) : (iii), (iv) : (v), (vi) or (vii); 

(be) a sequence which hybridizes to (viii) and which encooes a polypeptide having TNF inhibitory activity. 

18. The TNF inhibitor according lo any ol claims 1 to 9 lor use in the treatment of a TNF-medialed disease. 

1 9. The TNF inhibitor according to any of claims 1 to 9 for use in a treatment of a TNF-mediated disease in combination 
with an IL-1 inhibitor 

20. Use of the TNF inhibitor according to any of claims 1 to 9 for the preparation of a medicament for treating or 
preventing TNF mediated diseases. 

21. The use according to claim 20, wherein said medicament further comprises an IL-1 inhibitor. 

22. A vector comprising a nucleic acid sequence as defined in claim 1 7. 

23. A host cell containing a recombinant DNA molecule comprising a nucleic acid sequence as defined in claim 17. 

24. The host cell according to claim 23 : which is a prokaryotic cell. 

25. The host cell according to claim 24 which is an £ coll 

28. The host celt according to claim 23 ; which is a cukaryotic cell. 

27. The host cell according to claim 26 : wherein said eukaryotic cell is a mammalian cell. 

28. The host cell according to claim 27. wherein said mammalian cell is a Chinese hamster ovary cell. 



Claims for the following Contracting State : ES 

1. A method for the production of a TNF inhibitor comprising: 

(a) culturing under conditions suitable for expression of said TNF inhibitor a host cell containing a nucleic acid 
comprising a sequence selected from the group consisting of: 

(i) the DNA sequence as shown in Fig. 13 or a coding portion thereof; 

(ii) the DNA sequence as shown in Fig. 20 or a coding portion thereof; 

(iii) the DNA sequence as shown in Fig. 21 or a coding portion thereof: 

(iv) the DNA sequence as shown in Fig. 37 or a ceding portion thereof; 

(v) the DNA sequence as shown in Fig. 39 or a coding portion thereof; 

(vi) a sequence which is degenerate in the coding regions or portions thereof of (i), (ii) : (iii), (iv), and (v) ; 

(vii) a sequence which hybridizes to a nucleic acid sequence which is complementary to (i). (ii). (iii). (iv). 
(v)or (vi); 

(b) harvesting said inhibitor. 

2. The method of claim 1 , furtner comprising before step (a) the steps: 
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I) Preparation of a nucleic acid comprising a sequence selected from the group consisting ol: 

(i) the DNA sequence as shown in Fig. 13 or a coding portion thereof; 

(ii) the DNA sequence as shown ;n Fig. 20 or a coding portion thereof; 

(iii) the DNA sequence as shown'in Fig. 21 or a coding portion thereof; 

(iv) the DNA sequence as shown in Fig. 37 or a coding portion thereof; 

(v) the DNA sequence as shown in Fig. 39 or a coding portion thereof; 

(vi) a sequence which is degenerate in the coding regions or portions thereof of (i), (ii), (iii), (iv) and (v) ; 

(vii) a sequence which hybridizes to a nucleic acid sequence which is complementary to (i). (ii), (iii), (iv), 
(v) or (vi); 

II) Cloning the DNA sequence into a vector capable of being transferred into and replicated in a whole cell, 
such vector containing operational elements needed to express the DNA sequence; 

III} Transferring the vector containing the synthetic DNA sequence and operational elements into a host ca- 
pable of expressing the DNA encoding the TNF inhibitor. 

3. The method ot claim 1 , further comprising the step : 

(c) permitting the inhibitor to assume an active tertiary structure whereby it possesses TNF inhibitory activity. 

4. The method of claim 1 , wherein 6aid TNF inhibitor has the amino acid sequence shown by: 

(i) Figure 19; 

(ii) Figure 38; 

(iii) residues 1 through 184 as set forth in Figure 38 (40 kDa inhibitor A51 ); or 

(iv) residues 1 through 182 as set forth in Figure 38 (40 kDa inhibitor A53). 

5. The method of claim 1 . wherein said TNF inhibitor has a non-naturally occurring cysteine residue at the C-terminus ; 
the N-terminus, or a glycosylation site of sad inhibitor. 

6. The method of claim 5, wherein said TNF inhibitor comprises the amino acid sequence as shown in Figure 1 9 and 
said non-naturally occurring cysteine is at the N-tcrminus, C-tcrminus or at residue numbers 1, 14 or 105. 

7. The method ot claim 6, wherein said TNF inhibitor is linked to a high molecular weight polymeric material. 

8. The method ol claim 7, wherein said high molecular weight polymeric material is polyeihylene glycol. 

9. A method for preparing a pharmaceutical preparation comprising the TNF inhibitor wherein the TNF inhibitor pro- 
duced according to any ol claims 1 to 8 is combined with a pharmaceutical ly acceptable carrier in a manner known 
per se. 

10. A method for preparing a nucleic acid, wherein a nucleic acid comprising a sequence selected from the group 
consisting of: 

(i) the DNA sequence as shown in Fig. 1 3; 

(ii) the DNA sequence as shown in Fig. 20; 

(iii) the DNA sequence as shown in Fig. 21; 

(iv) the DNA sequence as shown in Fig. 37; 

(v) the DNA sequence as shown in Fig. 39; 

(vi) a fragment of (i) ; (ii), (iii), (iv) or (v) oncoding a polypeptide having TNF inhibitory activity: 

(vii) a sequence which is degenerate o! (i), (ii), (iii), (iv), (v) or (vi) encoding a polypeptide having TNF inhibitory 
activity; 

(viii) a sequence which is complementary to (i). (iij^iii), (rv) : (v), (vi) or (vii); 

(xi) a sequence which hybridizes to (viii) and which encodes a polypeptide having TNF inhibitory activity 
is synthesized in a manner known per se. 

11. A method for preparing a recomoinant vector, wherein a nucleic acid sequence as obtainable according to claim 
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10 is joined with vector DNA in a manner known per se. 

12. A method for preparing a host cell, comprising introducing a DNA sequence to generate a recombinant DNA mol- 
ecule containing a nucieic acid sequence as obtainable according to claim 10 into a desired host cell. 

5 

13. The method according to claim 12 : wherein the host cell is a prokaryotic cell. 

14. The method according to claim 1 3 : wherein the host cell is an E. coli. 

10 15. The method according to claim 1 2, wherein tho host cell is a eukaryotic coll. 

16. The method according to claim 15, wherein said euka70tic cell is a mammalian cell. 

17. The method according lo claim 16, wherein said mammalian cell is a Chinese hamster ovary cell. 

15 

Claims for the following Contracting State : GR 

1, A tumor necrosis factor (TNF) inhibitor comprising the amino acid sequence shown in Figure 19 wherein said 
20 inhibitor is produced in a host cell Ahich is not capable cf glycosylation or which is a non-human cell capable of 

glycoeylation. 

2. A tumor necrosis factor (TNF) inhibitor which is non-glycosylated and has a molecular weight ol about 18 kDa. 
25 3. The TNF inhibitor of claim 2, wherein said TNF inhibitor is produced by recombinant-DNA methods. 

4. A TNF inhibitor comprising :he amino acid sequence shown in Figure 38 ; as shown by residues 1 through 235 (40 
kDa inhibitor), or by residues 1 through 182 (40 kDa inhibitor A53) in Figure 38, or by residues 1 through 184 as 
set forth in Figure S8 (40 kDa inhibitor A51). 

30 

5. The TNF inhibitor cf claim 4, where sn said TNF inhibitor s produced in a host cell which is not capable of glyco- 
sylation or which is a non-human cell capable of glycosylation. 

6. A TNF inhibitor comprising the amino acid sequence as set forth in Figures 19 or 38, except that the amino acid 
35 at the N-terminus, at the C-temninus or at a site of cjlycosylaticn is replaced by a cysteine residue. 

7. The TNF inhibitor ol eiaim 6 ; wherein sa;d TNF inhibitor has the amino acid sequence as shown :n Figure 19 and 
said non-naturally-cccuning cysteine is at residue number 1 , - 4 or 1C5. 

40 8. The TNF inhioitor of any of claims ! to 3 and 6 : wherein said TNF inhibitor is linked to a high molecular weight 
polymeric material. 

9. The TNF inhibitor of claim 8, wherein oaid high molecular weight polymeric material is polyethylene glycol. 

45 10. A method for preparing a pharmaceutical preparation comprising combining the TNF inhibitor according to any 
one of claims 1 to 9 and a pharmaceutical! 1 / acceptable carrier. 

11. A method for the production of a TNF inhibitor comprising: 

50 (a) culturing under conditions suitable for expression of said tnf inhibitoi a host coll containing a nucleic acid 

comprising a sequence* selected from tho group consisting of: 

(i) the DNA sequence a3 shown in Fig. 13 or a coding portion thereof; 

(ii) the DNA sequence &s shown in Fig. 20 or a coding portion thereof; 
f s (iii) the DNA sequence as shown in Fig. 21 or a coding portion thereof; 

(iv) the DNA soquonce as shown in Fig. 37 or a coding portion thereof; 

(v) the DNA sequence as shewn in Fig. 39 or a coding portion thereof; 

(vi) a sequence which is degenera'.e in the coding recions or portions thereof of (i), (ii) : (iii), (iv). and (v) ; 



35 



EP 0 422 339 B1 



(vii) a sequence which hybridizes to a nucleic acid sequence which is complementary to (i), (ii), (iii), (iv), 
(v) or (vi); 

(b) harvesting said inhibitor. 

12. The method ol claim 11. further comprising before step (a) the steps: 

I) Preparation of a nucleic acid comprising a sequence selected from the group consisting of: 

(i) the DNA sequence as shown in Fig. 13 or a coding portion thereof; 

(ii) the DNA sequence as shown in Fig. 20 or a coding portion thereof; 

(iii) the DNA sequence as shown in Fig. 21 or a coding portion thereof; 

(iv) the DNA sequence as shown in Fig. 37 or a coding portion thereof; 

(v) the DNA sequence as shown in Fig. 39 or a coding portion thereof; 

(vi) a sequence which is degenerate in the coding regions or portions thereof of (i), (ii), (iii), (iv) or (v); 

(vii) a sequence which hybridizes to a nucleic acid sequence which is complementary to (i), (ii), (iii), (iv), 
(v) or (vi); 

II) Cloning the DNA sequence into a vector capable of being transferred into and replicated in a whole cell, 
such vector containing operational elements needed to express the DNA sequence; 

III} Transferring the vector containing the symhetic DNA sequence and operational elements into a host ca- 
pable of expressing the DNA encoding the TNF inhibitor. 

13. The method ol claim 11, further comprising the step, 

(c) permitting the inhibitor to assume an active tertiary structure whereby it possesses TNF inhibitory activity. 

14. The method of claim 11 : wherein said TNF inhibitor comprises the amino acid sequence shown by: 

(i) Figure 19; 

(ii) Figure 38; 

(iii) residues 1 through 184 as set forth in Figure 38 (40 kDa inhibitor A51 ); or 

(iv) residues 1 through 182 as set forth in Figure 38 (40 kDa inhibitor 453). 

15. The method of claim 1 1 , wherein said TNF inhibitor has a non-naturaily occurring cysteine residue at the C-termi- 
nus : the N-terminus, or a glycosylation site of said inhibitor. 

16. The method of claim 15 : wherein said TNF inhibitor comprises the amino acid sequence as shown in Figure 19 
and said non-naturally occurring cysteine is at the N-terminus, C-terminus or at residue numbers 1 , 14 or 105. 

17. A nucleic acid comprising a sequence selected from the group consisting of: 

(i) the DNA sequence as shown in Fig. 1 3; 

(ii) the DNA sequence as shown in Fig. 20; 

(iii) the DNA sequence as shown in Fig. 21; 

(iv) the DNA sequence as shown in Fig. 37; 

(v) the DNA sequence as shown in Fig. 39; 

(vi) a fragment of (i). (ii), (iii), (iv) or (v) encoding a polypeptide having TNF inhibitory activity; 

(vii) a sequence which is degenerate of (i), (ii), (iii), (iv), (v) or (vi) encoding a polypeptide having TNF inhibitors 
activity; 

(viii) a sequence which is complementary to (i) : (ii) : (iii) (iv), (v), (vi) or (vii): 

(ix) a sequence which hybridizes to (viii) and which encodes a polypeptide having TNF inhibitory activity. 

18. The TNF inhibitor according to any of claims 1 to 9 for use in the tr&atnrcent of a TNF-mediated disease. 

19. The TNF inhibitor according to any of claims 1 to 9 for use in the treatment of a TNF-mediated disease in combi- 
nation with an IL-1 inhibitor. 
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20. Use o1 the TNF inhibitor according to any of claims I to 9 for the preparation of a medicament for treating or 
preventing TNF-mediated diseases. 

21. The use according to claim 20, wherein said medicament further comprises an IL-1 inhibitor. 

5 

22. A vector comprising a nucleic acid sequence as defined in claim 1 7. 

23. A host cell containing a recombinant DNA molecule comprising a nucleic acid sequence as defined in claim 17. 
to 24. The host cetl according to claim 23 : which is a prokaryotic cell. 

25. The host cell according to claim 24 which is an £ coli. 

26. The host cell according lo claim 23. which is a eukaryolic cell. 

15 

27. The host cell according to claim 26. wherein said eukaryotic cell is a mammalian cell 

28. The host cell according to claim 27 : wherein said mammalian cell is a Chinese hamster ovary cell. 

20 

Paten ta nap ruche 

PatantansprOehe fOr folgende Vert rags staaten : AT, BE, OH, DE, DK, FR, GB. IT, LI, LU, NL, SE 

25 

1. Tumor Nekrose-Faktcr (TNF)-lnhibitor, umfassend die in Abbildung 19 dargestellte Aminosauresequenz : wobei 
der Inhibitor in einer Wirtszelle hergestellt wird, die keine Glykosylierung durchfuhren kann oder die eine nicht- 
menschliche Zelle ist welche Glykcsyliorung durchfuhren kann. 

30 2. Tumor Nekrose-Faktor (TNF)-inhibitor, der nicht glykosyiiert ist und ein MoSekulargewicht von circa 18 kDa hat. 

3. TNF-lnhibitor nach Anspruch 2, wobei der TNF-lnhibilor durch rckombinantc ONA-Vcrfahrcn hergestellt wird. 

4. TNF-lnhibitor, umfassend die Aminosauresequenz wie dargestellt in Abbildung 38 von Aminosaure 1 bis 235 (40 
35 kDa-lnhibitor), von Aminosaure I bis 182 wie dargestellt in Abbildung 36 (40 kDa -Inhibitor A53) oder von Amino- 
saure 1 bis 184 wie dargestellt in Abbildung 38 (40 kDa-lnhibitor A51). 

5. TNF-lnhibitor nach Anspruch 4, wobei der TNF-lnhibitor in einer Wirtszelle hergestellt wird : die keine Glykosylie- 
rung durchfuhren kann oder die eine nicht-mcnschiiche Zelle ist, welche Glyksoylierung durchfuhren kann. 

40 

6. TNF-lnhibitor umfassend die Aminosauresequenz wie dargestellt in Abbildungen 19 oder 36, mit der Ausnahme, 
daG die Aminosaure am N-Terminus, am C-Terminus oder an einer Glykosyiierungsstelle durch einen Cysleinresl 
ersetzt ist. 

*s 7. TNF-lnhibitor nach Anspruch 6 : wobos der TNF-lnhibitor ein© die in Abbildung 19 dargasteHte Aminosauresequenz 
hat und das nicht naturlich vorkomrnende Cystein in Position Nr. i , 14 odei 105 liegt. 

8. TNF-lnhibitor nach einem der Anspruche 1 bis 3 und 6, wobei der TNF-lnhibitor an ein polymeres Material mit 
hohem Molekulargewichl gebunden isl. 



50 
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9. TNF-lnhibitor nach Anspruch 8. wobei das polymers Material mit hohem Moleku large wicht Polyethylenglykol ist. 

10. Pharmazeutische Zubereitung, umfassend den TNF -lnhibitor nach oinom der Anspruche 1 bis 9 in einem phar- 
mazeutisch vertraglichen Trager. 

11. Verfahren zum Herstellen eines TNF-lnhibitors, umfassend: 

(a) Kultivieren einer Wirtszelle unter zur Expression des TNF-lnhibitors geeigneten Bedingungea wobei die 
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Wirtszelle eine Nukleinsaure enthalt, die eine Sequen2 umfa3t : die aus dor aus: 



(i) der in Abbildung 13 dargesteliten DNA-Sequenz Oder einem kodierenden Teil davon; 

(ii) der in Abbildung 20 darcesteihen DNA-Sequenz oder einem kodierenden Teil davon; 
s (iii) der in Abbildung 21 dargesteliten DNA-Sequenz oder eir.em kodierenden Teil davon; 

(iv) der in Abbildung 37 dargesteliten DNA-Sequenz oder einem kodierencer Teil davon; 

(v) der in Abbildung 39 dargesteliten DNA-Sequenz oder einem kodierenden Teil davon; 

(vi) einer Sequenz : die in den kodierenden Beroichen von (i) : (ii), (iii). (iv) und (v) oder Teilon davon de- 
generiert is*.; 

to und 

{vii) einer Sequenz : die an dine Nukioinsaure-Sequenz hybridisieit, die komplamentar zu (i) : (ii), (iii), (iv), 
(v) oder <vi) 1st; 



15 



bestehenden Gruppe ausgewahll isl; 
(b) Ernten des Inhibitors. 
12. Verfahren nach Anspruch 11 , umfassend vor Schritt (a; weiterhin die Schritts: 



1) Hcrstcllcn cincr Nukleinsaure, die cine Sequenz umfaBt, die aus der aus: 



(i) der in Abbildung 1 3 dargesteliten DNA-Seq jenz ode:* einem kodie .'enden Teii davon; 

(ii) der in Abbildung 20 dargesteillen DNA-Sequonz Oder einem kodierenden Teil davon; 

(iii) der in Abbildung 21 dargesteliten DNA-Sequenz oder einem kodierenden Teil davon; 
25 (iv) der in Abbiidung 37 dargestenten DNA-Sequenz oder einem kodierander Tail davon; 

(v) dei in Abbildung 39 dargesteliten DNA-Sequonz oder einem kodierenden Teil davon; 

(vi) einer Sequenz. die in den kodierenden Sercichen von (i), (ii), (iii), (iv) und (v) oder Tcilen davon de- 
genertert ist: 

und 

30 (vii) einer Sequenz, die an eino NuKleinsaure Sequenz hybridisiert, die kornpiemenlar zu (i), (ii), (iii), (iv), 

(v) oder (vi) ist; 

be&tehenden Gruppa ausgewahlt ist; 



55 M) K!onieren der DNA-Sequenz in sinen Vektor, der in e:ne voilstandige Zollo Obertragen und r eptiziert werden 

Kann : wobei d'eser Vekiorfunktlonelle Etemente enthaft, die zur Expression der DNA-Sequenz bendtigt wer- 
den: 

ill) Ubertragen des Vektors. der die synthetische DNA-Sequenz und funktioneKe Elemente enthalt, in einen 
40 Wirt der die DNA, die lur den TNF* Inhibitor kodiert, exprimieren kann. 

13. Verfahren nach Anspruch 11 . weiter umtasssrd einen Schritt (c), in dem dern Inhibitor gestattet wird, eine aktive 
Terliarstruktur anzunehmen, wodurch er TNF-!nhibitori.*Jche Aktivitat besitzt. 

45 14. Verfahren nach Anspruch 11 , wobei der TNF -Inhibitor oino Amir.osauresGquenz umfa3t : die dargestellt ist in: 

(i) Abbilaung 19; 

(ii) Abbiidung 38; 

(iii) Aminosauren 1 bis 184 t wie in Abbldung 38 (40kDa-lnhibitor A51) dargesieili; oder 
50 (iv) Aminosauren 1 bis 182, wie in Abbiidung 38 (40kDa-lnhibrtor A53) dargestellt. 

15. Verfahren nach Anspruch 11. wobei der TNF-lnhibitor einen nichl nalurlich vortommenden Cysteinrest am C- 
Teminus : am N-Terminus ; oder an einer Glykosylierungsstelle des Inhibitors enthalt 

55 16. Verfahren nach Anspruch 15, wobei der TNF-lnhibitor die in Abbildung 19 dargestellte Aminosauresequenz umfafM 
und das nicht naturlich vorkommende Cystoin arn N-Terminus, C-Termhus oder den Aminosaurepositionen 1,14 
oder 105 ist. 
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17. Nukleinsaure : umfassend eine Sequenz, die aus deraus: 

(i) der in Abbitdung 13 dargestellten DNA-Sequenz 

(ii) der in Abbildung 20 dargestellten DNA-Sequenz 
s (iii) der in Abbildung 21 dargestellten DNA-Sequenz 

(iv) der in Abbildung 37 dargestellten DNA-Sequenz 

(v) der in Abbildung 39 dargestellten DNA-Sequenz 

(vi) einem Fragment von (i), (ii), (iii), (iv) Oder (v), das fur ein Polypeptid mit TNF-inhibitorischer Aktivitat kodiert 

(vii) einer Sequenz, die im Vergleich zu den Sequenzen von (i), (ii), (iii), (iv), (v) Oder (vi) degeneriert ist, die 
to 1 Or ein Polypeptid mit TNF-inhibitorischer Aktivitat kodiert 

(viii) einer Sequenz : die zu (i), (ii), (iii) : (iv), (v) (vi) Oder (vii) komptementar ist 

(ix) einer Sequenz, die mit (viii) hybridisiert und die tOr ein Polypeptid mit TNF-inhibitorischer Wirkung kodiert 
bestehenden Gruppe ausgewahll isl. 

15 

18. TNF-lnhibitor nach einem der Anspruche 1 bis 9 zur Verwendung beim Behandeln einer TNF-vermittelten Krank- 
heit. 

19. TNF-lnhibitor nach einem der Anspruche 1 bis 9 zur Verwendung in Kombination mit einem IL-1 -Inhibitor beim 
20 Behandeln cincr TNF-vcrmittcltcn Krankhcit. 

20. Verwendung des TNF-lnhibitors nach einem der Anspruche 1 bis 9 zum Herstellen eines Medikamentes zum 
Behandeln odor Vorbeugen von TNF-vermittelten Krankherten. 

25 21. Verwendung nach Anspruch 20. wobei das Medikament weiterhin einen IL-1 -Inhibitor umfaflt. 

22. Vektor umfassend eine Nukleinsaure-Sequenz wie in Anspruch 17 definiert 

^ 23. Wirtszelle. enthaltend ein rekombinantes DNA-Molekul, umfassend eine Nukleinsaure-Sequenz wie in Anspruch 
30 17definiert. 

24. Wirtszelle nach Anspruch 23, die cine prokaryotischc Zcllc ist. 

25. Wirtszelle nach Anspruch 24, die ein E. coti ist. 

35 

26. Wirtszelle nach Anspruch 23, die eine eukaryoiische Zelle ist. 

27. Wirtszelle nach Anspruch 26, wobei die eukaryotische Zelle eine Saugerzelle ist. 

40 28. Wirtszelle nach Anspruch 27, wobei die Wirtszelle eine Chinese hamster ovary-Zelle ist 



Petentenspruche fur folgenden Vertrag&dtaat : ES 

<*5 1. Verfahren zum Herstellen eines TNF-lnhibitors, umfassend: 

(a) Kultivieren einer Wirtszelle unler zur Expression des TNF-lnhibitors geeigneten Bedingungen ; wobei die 
Wirtszelle eine Nukleinsaure enthalt, die 9ine Sequenz umfaf3t s die aus der aus: 

so (j) der in Abbildung 1 3 dargestellten DNA-Sequenz odor einem kodierenden Teil davon; 

(ii) der in Abbildung 20 dargestellten DNA-Sequenz Oder einem kodierenden Teil davon; 

(iii) der in Abbildung 21 dargestellten DNA-Sequenz oder einem kodierenden Teil davon; 

(iv) der in Abbildung 37 dargestellten DNA-Sequenz Oder einem kodierender Tail davon; 
■* (v) der in Abbildung 99 dargestellten DNA-Sequenz oder einem kodierenden Teil davon; 

55 (vi) einer Sequenz : die in den kodierenden Bereichen von (i) : (ii), (iii), (iv) und (v) oder Teilen davon de- 

generiert ist; 
und 

(vii) einer Seq*jenz : die an eine Nukleinsaure-Sequenz hybridisiert, die komplementar zu (i) ; (ii), (iii), (iv), 
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(v) Oder (vi) ist; 
bestehenden Gruppe ausgewahit ist; 
(b) Ernten des inhibitors. 
Verfahren nach Anspruch 1, umlassend vor Schritt (a) weiterhin die Schritte: 
I) Her6tellen einer Nukieinsaure, die eine Sequenz umtafM, die aus der aus: 



(i) der in Abbildung 1 3 dargestellten DNA-Sequenz Oder einem kodierenden Teil davon; 

(ii) der in Abbildung 20 dargestellten DNA-Sequenz Oder einem kodierenden Teil davon; 

(iii) der in Abbildung 21 dargestellten DNA-Sequenz Oder einem kodierenden Teil davon; 

(iv) der in Abbildung 37 dargeslelllen DNA-Sequenz oder einem kodierender Teil davon; 
is (v) der in Abbildung 39 dargestellten DNA-Sequen7 oder einem kodierenden Teil davon; 

(vi) einer Sequenz, die in den kodierenden Bereichen von (i) t (ii), (iii), (iv) und (v) oder Teilen davon de- 
generiert ist; 

und 

(vii) einer Sequenz, die an eine Nukleinsaure-Sequsnz hybridisiert, die komplementar zu (i), (ii), (iii), (iv), 
20 ( V ) oder (vi) ist; 

^ bestehenden Gruppe ausgewahit ist; 

II) Klonieren der DNA-Sequenz in einen Vektor der in eine voilstandige Zelle ubertragen und repliziert werden 
25 kann, wobei diesar Vektor funktionello Etemente enthalt, die zur Expression der DNA-Soquonz benotigt wer- 
den; 

III) Ubertragen des Vektors, der die synthetische DNA-Sequenz und funktionelte Elemente enthalt, in einen 
Wirt, der die DNA, die fur den TNF-inhibitor kodiert, exprimieren kann. 

30 

3. Verfahren nach Anspruch 1 , welter umfassend einen Schritt (c), in dem dem Inhibitor gestattet wird, eine aktive 
Tcrtiarstruktur anzunchmcn, wodurch cr TNF-inhibit::nsch2 Aktivitat bositzt. 

4. Verfahren nach Anspruch 1, wobei der TNF-lnhibitor eine Aminosauresequenz urnf aBt , die dargestellt ist in: 

(i) Abbildung 19; 

(ii) Abbildung 38; 

(iii) Aminosauren 1 bis 184 : wie in Abbildung 33 (40kDa-lnhibitoi A51) dargestellt; oder 

(iv) Aminosauren 1 bis 182, wie in Abbildung 38 (40kDa-lnhibitor A53) dargestellt. 

5. Verfahren nach Anspruch 1 , wobei der TNF-lnhibitor einen nicht neturlich vcrkommenden Cysteinreatam C-Terni- 
nus, am N-Terminus, oder an einer Glykosyiierungsslelle des Inhibitor? enthalt. 

6. Verfahren nach Anspruch 5, woboi der TNF-lnhibitcr dia in Abbildung 1 9 dargesteltte Aminosauresequenz umfattt 
45 und das nicht naturlich vorkommende Cystein am N-Torminus, C-Torminus oder den Aminosaurepositionen 1,14 

oder 105 ist. 

7. Verfahren nach Anspruch 6 : wobei der TNF-!nh;bitor an ein polymeros Material mit hohent Molekulargewicht gs- 
bunden isl. 

50 

8. Verfahren nach Anspruch 7 : wobei das polymere Material mit hohem Moieku'argewicht Polyethylengiykol ist. 

9. Verfahren zum Herstellen einor pharmazeutischen Zubereitung, umfassend den TNF-!nhibitor : wobei cer nach 
einem der Anspruche 1 bis 6 hergestellte TNF-!f!hibitor mit einem pharmazeutisch vertraglichen Trager in einer 

ss per se bekannten Weise kombiniert wird. 

10. Verfahren zum Hersteilen einer Nukieinsaure, wobei die Nukieinsaure eine Sequenz aus der aus 
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(i) der in Abbildung 13 dargeste:lten DNA-Sequenz 

(ii) der in Abbildung 20 dargeslelllen DNA-Sequenz 

(iii) der in Abbildung 21 daigestellten DNA-Sequen7 

(iv) der in Abbildung 37 dargestellten DNA-Sequenz 
s (v) der in Abbildung 39 dargestellten DNA-Sequenz 

(vi) einem Fragment von (i), (ii), (iii), (iv)oder (v), das fur em Polypeptid mit TNF-inhibttorischer Aktrvitat kodiert 

(vii) einer Sequenz, die im Vergleich zu den Sequenzen von (i), (ii), (iii). (iv), (v) oder (vi) degeneriert ist, die 
fur ein Polypeptid mit TNF-inhibitcrischer Aktivitat kodieii 

(viii) einer Sequenz, dio zu (i), (ii), (iii), (iv), (v) (vi) odor (vii) komplementar ist 

to (ix) einer Sequenz, die mit (viii) hybridisiert und di3 fur ein Polypeptid mit TNF-inhibitorischer Wirkung kodiert 

bestehenden Gruppe ausgewahll ist. 

wlrd nach einer per se bekannt&n Weise synthetisien. 

'is 11. Verfahren 7um Herstellen aines rekorrbinanten Voktors, woba< eino Nukleinsauresequen/ wie nach Anspruch 10 
erhaltlich mit einem Vektor in einer per se bekannten Weise verbunden wirci. 

12. Verfahren zum Herstellen ein9r Wirtszelle, umtassend das Eintuhren einer DNA-Sequenz in eine gewunschte 
Wirtszelle urn ein rekombinantes DNA-Mo!ekul zu schaflen : das eine Nukleinsauresequenz wie nach Anspruch 

20 10cnthalt. 

13. Verfahren nach Anspruch 12, wobei die VWlszeile Dine prokaryotische Zeilc ist. 

14. Verfahren nach Anspruch 13, wobei die Whszelle ein E. cofi ist. 

25 

15. Verfahren nach Anspruch 12, wobei die Wirtszelle eine eukriryotische Zelle ist. 

16. Verfahren nach Anspruch 15, wobei die eukaryotische Zelle eine Saugerzelle ist. 

30 17. Verfahren nach Anspruch 16, wobei die Saugerzelle nine Chinese hamster ovary-Zelle ist. 



Patentanepruche fur folgenden Vertragaetaat : GR 

35 1. Tumor Nekrose-Faktor (TNF)-lnhibitor, umtassend dia in Abbildung 19 dargestelttg Aminosauresequenz ; wobei 
der Inhibitor in einer Wirtszelle hergestelh wird, die keine Glykosylierung durchfuhren kann Oder die eine nicht- 
menschlicha Zelle ist, welchs Glykosylierung durchfuhren kann. 

^ 2. Tumor Nekrose-Faktor (TNF) T lnhibitor, der nicht glykosyliert ist und ein Molekulargewicht von circa 18 kDa hat 
40 

0. TNF-lnhibitor nach Anspruch 2, wobei der TNF-lnhMor durch rekombinante DNA-Verfahren hergestelit wird. 

4. TNF-lnhibitor : umfassend die Aminosauresequenz wie dargestellt in Abbildung 38 : 

^ wie dargestellt von Aminosaure 1 bis 235 (40 kDa -Inhibitor) 

Oder von Aminosaure 1 bis 182 (40 kDa-lnhibitor A53) in Abbildung 38 

Oder durch Aminosauren 1 bis 184 wic in Abbildung 38 (40 kDa-lnhibitor A51) dargestellt. 

5. TNF-lnhibilor nach Anspruch 4, wobei der TNF-lnhibiior in einer Wirtszelle hergeslelll wird. die keine Glykosylie* 
50 rung durchfuhren kann Oder die eine nicht-menschliche Zelle ist, welche Glyksoylierung durchfuhren kann. 

6. TNF-lnhibitor umfassend die Aminosauresequenz wie dargestellt in Abbildungen 1 9 oder 38, mit der Ausnahme, 
daf3 die Aminosaure arn N-Terminus, am C-Torminus oder an einer Giykosylierungsstelle durch einen Cysteinrest 
ersetzt ist. 

55 

7. TNF-lnhibitor nach Anspruch 6, wobei der TNF-lnhibitor eine die in Abbilduncj 1 9 dargestellte Aminosauresequenz 
hat und das nicht naturlich vorkommende Cystein in Position Nr. 1, 14 oder 105 liegt. 
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8. TNF-lnhibitor nach einem der Anspruche 1 bis 3 und 6 : wobei der TNF-Inhibitor an ein polymeres Material mit 
hohem Molekulargewichl gebunden isL 

9. TNF-lnhibitor nach Anspruch 8, wobei das polymere Material mit hohem Molekulargewicht Polyethylenglykol ist. 

5 

10. Verfahren zum Herstellen einer pharmazeutischen Zubereitung : umfassend das Korr.binieren des TNF-lnhibitors 
gemafl einem der Anspruche 1 bis 9 mit einem phormazeutisch vertraglichen Trager. 

11. Verfahren zum Herstellen eines TNF-lnhibitors, umfassend: 

10 

(a) Kultivieren einer Wirtszelle unter zur Expression des TNF-lnhibitors geeigneten Bedingungerr wobei die 
Wirtszelle eine Nukleinsaure enthalt, die eine Sequenz umfaGt, die aus der aus: 



(i) der in Abbildung 13 dargeslellten DNA-Sequenz Oder einem kodierenden Teil davon; 
15 (ii) der in Abbildung 20 dargeslellten DNA-Sequenz oder einem kodierenden Teil davon; 

(iii) der in Abbildung 21 dargestellten DNA-Sequenz oder einem kodierenden Teil davon: 

(iv) der in Abbildung 37 dargeslellten DNA-Sequenz oder einem kodisrender Teil davon; 

(v) der in Abbildung 39 dargestellten DNA-Sequenz oder einem kodierenden Teil davon; 

(vi) einer Sequenz, die in den kodierenden Beretchen von (i), (ii), (iii), (iv) und (v) oder Teilen davon de- 
20 gencriert ist; 

und 

(vii) einer Sequenz, die an eine Nukleinsaure-Sequenz hybridisiert, die -complementer zu (i), (ii), (iii), (iv), 
(v) od9r (vi) ist; 



25 bgstehenden Gruppe ausgawahlt ist; 

(b) Emtendes Inhibitors. 
12. Verfahren nach Anspruch 11 . umfassend vor Schritt (a) weiterhin die Schritte: 
I) Herstellen einer Nukleinsaure, di« eine Sequenz umfa&t, die aus der aus: 



30 



(i) der in Abbildung 13 dargestellten DNA-Sequenz oder einem kodierenden Teil davon; 

(ii) der in Abbildung 20 dargestellten DNA-Sequenz oder einem kodierenden Teil davon; 
35 (iii) der in Abbildung 21 dargestellten DNA-Sequenz oder einem kodierenden Teil davon; 

(iv) der in Abbildung 37 dargeslellten DNA-Sequenz oder einem kodierender Teil davon; 

(v) der in Abbildung 39 dargestellten DNA-Sequenz odor einem kodierenden Teil davon: 

(vi) einer Sequenz : die in den kodierenden Bereichen von (i) : (ii), (iii) : (iv) und (v) oder Teilen davon de- 
generiert ist; 

40 und 

(vii) einer Sequenz, die an eine Nukleinsaure-Sequenz hybridisiert, die komplementar zu (i), (ii), (iii), (iv), 
(v) oder (vi) ist; 
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bestehenden Gruppe ausgewahlt i&t; 

II) Klonieren der DNA-Sequenz in einen Vektor der in eine vollstandiga Zelle ubertragen und repliziert werden 
kann, wobei dieser Vektor funktionelle Elemente enthalt, die zur Expression der DNA-Sequenz benotigt wer- 
den; 

so III} Ubertragen des Vektors, der die synthetische DNA-Sequenz und funktionelle Elemente enthalt, in einen 

Wirt, der die DNA, die 10 r den TNF-lnhibitor kodiert, exprimieren kann. 



13. Verfahren nach Anspruch 11, weiter umfassend einen Schritt (c), in dem dem Inhibitor gestattet wird eine aktive 
Tertiarstrukturanzunehmen, wodurch er TNF-inhibitorische Aktivrtat besitzt. 

55 

14. Verfahren nach Anspruch 11 , wobei dot TNF-lnhibitor eine Aminosauresequenz umfaftt die dargestellt ist in: 

(i) Abbildung 19: 
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(ii) Abbildung 38; 

(iii) Aminosauren 1 bis 184, wie in Abbildung 38 (40kDa-lnhibilor A51) dargeslelll; oder 

(iv) Aminosauren 1 bis 182, wie in Abbildung 38 (40kDa-lnhibftor A53) dargestellt. 

15. Verfahren nach Anspruch 11, wobei der TNF-lnhibitor einen nicht nalurlich vorkommenden Cysteinrest am C- 
Teminus, am N-Tenminus. oder an einer Glykosylierungsstelle dos Inhibitors enthalt. 

1 6. Verfahren nach Anspruch 1 5, wobei der TNF-lnhibitor die in Abbildung 1 9 dargestelite Aminosauresequenz umfaGt 
und das nicht naturlich vorkommende Cystein am N-Terminus ; C-Terminu6 oder den Aminosaurepositionen 1,14 
oder 105 ist. 

17. Nukleinsaure : umfassend eine Sequenz, die aus der aus: 

(i) der in Abbildung 13 dargeslelllen DNA-Sequenz 

(ii) der in Abbildung 20 dargestellten DNA-Sequenz 

(iii) der in Abbildung 21 dargestellten DNA-Sequenz 

(iv) der in Abbildung 37 dargestellten DNA-Sequenz 

(v) der in Abbildung 39 dargestellten DNA-Sequenz 

(vi) einem Fragment von (i), (ii), (iii), (iv) oder(v), das fur ein Polypeptidmit TNF-inhibitorischer Aktrvitat kodiert 

(vii) cincr Sequenz, die im Vcrgtcich zu den Scqucnzcn von (i), (ii), (iii), (iv), (v) oder (vi) dcgcncricrt ist, die 
fur ein Polypeptid mit TNF-inhibitorischer Aklivital kodiert 

(viii) einer Sequenz, die zu (t), (ii), (iii). (iv), (v) (vi) oder (vii) komplementar ist 

(ix) einer Sequenz, die mit (viii) hyb'idisiert und die fur ein Polypeptid mit TNF-inhibitorischer Wirkung kodiert 
bestehenden Gruppe ausgewahlt ist. 

18. TNF-lnhibitor nach einem der Anspruche 1 bis 9 zur Verwendung beim Behandein einer TNF-vermittelten Krank- 
heit. 

19. TNF-lnhibitor nach einem der Anspruche 1 bis 9 zur Verwendung in Kombination mit einem IL-1 -Inhibitor beim 
Behandein einer TNF-vermittelten Krankheit. 

20. Verwendung dee TNF-lnhi biters nach ainem dor Anspruche 1 bis 9 zum Herstellen eines Medikamentes zum 
Behandein oder Vorbeugen von TNF-vermittelten Krankheiten. 

21. Verwendung nach Anspruch 20 : wobei das Medikarnent weitsrhin einen IL-1 -Inhibitor umfafct. 

22. Vektor. umfassend eine N u kl ein sau re -Sequenz wie in Ansoruch 17 definiert. 

23. Wirtszelle, enthaltend ein rekombinantes DNA-Molekul ; umfassend eine Ntikleinsaure-Soquenz wie in Anspruch 
17 definiert. 

24. Wirtszelle nach Anspruch 23, die eino prokaryoiische Zellu ist. 

25. Wirtszelle nach Anspruch 24. die ein E. co/; ist. 

26. Wirtszelle nach /tospiuch 23, die eine eukaryotische Ze!!e ist. 

27. Wirtszelle nach Anspruch 26, wobei die eukaryolische Zelle eine Saugerzelle ist. 

28. Wirtszelie nach Anspruch 27, wobei die Saugerzelle eine Chinese namster ovary-Zelle ist. 
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Revendications 



Revendicatlon8 pour les Etata contractantc sulvants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU. NL, SE 

5 

I . Inhibiteur du facteur de necrose tumorato (TNF) : comprenant la sequence d'acides amines presentee sur la Figure 
1 9, ou ledit inhibiteur est produrt dans une cellule hote qui -.Vest pas capable de glycosytation, ou qui est une cellule 
non-humaine capable de glycosytation. 

T0 2. Inhibiteur du facteur de necrose tu morale (TNF), qui est non-glycosyle et a une masse moleculaire d' environ 13 
kDa. 

3. Inhibiteur du TNF selon la revendication 2, dans lequel ledit inhibiteur du TNF est produrt par les rrteihodes de 
recombinaison de I'ADN. 

15 

4. Inhibiteur du TNF comprenant la sequence d'acides amines representee par les residus 1 a 235 de la Figure 36 
^ (inhibiteur de 40 kDa), par les residus 1 a,1 62 de la Figure 36 (inhibiteur A53 de 40 kDa], ou par lee residue 1 a 

184 de la Figure 33 (inhibiteur A51 de 40 kDa.). 

20 6. . Inhibiteur du TNF scion la revendication 4, dans IcqucI ledit inhibiteur du TNF est produit dans unc cellule note 
qui n'est pas capable de glycosylatioa ou qui est una ceilule non-humaine capable de gtycosylation. 

6. Inhibiteur du TNF comprenant la sequence d'acides amines representee sur les Figures 1 9 ou 38, sauf que t'acide 
amin6 sur le site N-terminaL sur le site C-terminal ou sur un site de glycosylation, est remplac6 par un residu de 

25 cysteine. 

7. Inhibiteur du TNF selon la revendication 6, dans lequel ledit inhibiteur du TNF est la sequence d'acides amines 
representee sur la Figure 19, et ladite cysteine non-naturelle se trouve sur les numeros de residu 1 : 14 ou 105. 

30 8. Inhibiteur du TNF selon Tune quelconque des revendications 1 a 3 et 6 : dans lequel ledit inhibiteur du TNF est lie 
a un materiau poly mere a grande mas3e moteculaira. 

9. Inhibiteur du TNF selon la revendication & dans lequei lecit materiau polymere a grande masse moleculaire est 
le polygthyleneglycol. 

35 

10. Preparation pharmaceutique comprenant i'inhibiieur du TNF selon Tune quelconque des revendications 1 a 9 dans 
un excipient acceptable ti'un point de vue pharmaceutique. 

II. Procede pour produire un inhibiteur du TNF, qui comprend : 

40 

(a) a cultiver dans des conditions convenant k Texpreesicn dudit inhibiteur du TNF une cellule-h6te contenant 
un acide nucleique comprenant une sequence choisie parmi I' ensemble des sequences suivantes ; 

(i) la sequence d'ADN representee sur la Figure 13 ou une portion codante de cette sequence ; 
45 (ii) la sequence d'ADN representee sur ia Figure 20 ou une portion codante de cettG sequence ; 

(iii) la sequence d'ADN representee sur la Figure 21 ou une portion codante de cette sequence ; 

(iv) la sequence d'ADN reoresentee sui ia Figure 37 ou une portion codante de cette sequence ; 

(v) la sequence d'ADN representee sur la Figure 39 ou une portion codante de cette sequence ; 

(vi) une sequence qui est degeneree dans les regions codanles ou leurs portions de (i), (ii), (iii), (iv) el (v) ; 
so (vii) une sequence qui s'hybride a une sequence d'acides nucleiques qui est complementaire de (i), (ii), 

(iii), (iv), (v) ou (vi) ; 

(b) a recolter ledit inhibiteur. 

55 12. Procede selon la revendication 11 , qui comprend en outre, avant i'etape (a) : les etapes consistant : 

I) a preparer un acide nucleique comprenant une sequence choisie parmi I'ensemble de sequences suivant : 
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(i) la sequence d'ADN representee sur la Figure 13 ou una portion codante do cette sequence ; . 

(ii) Id sequence d'ADN representee sur la Figure 20 ou une portion codante de celle sequence ; 

(iii) la sequence d'ADN representee sur la Figure 21 ou une portion codante de cette sequence : 

(iv) la sequence d'ADN representee sur la Figure 37 ou une portion codante de cette sequence ; 
£ (v) la sequence d'ADN representee sur la Figure 39 ou une portion codante de cette sequence ; 

(vi) une sequence qui est degeneree dans les regions codantes ou leurs portions de (i), (ii) : (iii): (iv) et (v) ; 

(vii) une sequence qui s'hybride a une sequence d'acides nucleiques qui est complementaire de (i), (ii), 
(iii), (iv), (v) ou (vi) ; 

10 ll) a doner la sequence d'ADN dans un vecteur pouvant etre transfero et replique dans une cellule entiere, 

*" ^ ledit vecteur contenant des elements operaiionnels necessaires a I'expression de la sequence d'ADN ; 

III) a transferer le vecteur contenant la sequence d'ADN de synthese et les elements operationnels dans un 
hOte capable d'exprimer I'ADN codant I'inhibiteur du "NF. 

*s 13. Precede selon la revendication 11 , qui comprend en outre I'etape consistent 

(c) a. permeltre a I'inhibiteur de prendre une structure tertiaire active, grace k laquelle ii possede une activity 
inhibitrice du TNF. 

14. Precede selon la revendication 11, dans lequel ledit inhibiteur du TNF comprend la sequence d'acides amines 
20 representee 

(i) sur ta Figure 19, 

(ii) sur ta Figure 38, 

(iii) par les residus 1 d 184 ressortant de la 

Figure 38 (inhibiteur A51 de 40 kDa), ou (iv) par les residus 1 a 182 ressortant de la Figure 38 (inhibiteur A53 
de 40 kDa). 

15. Precede selon la revendication 11 . dans fequol ledit inhibiteur du TNF a un residu de cysteine non-naturel sur le 
site C-terminal, le site N-terminal ou un siie de glycosylation dudit inhibiteur. 

30 

16. Precede selon la revendication 15, dans lequel ledit inhibiteur du TNF comprend ta sequence d'acides amines 
representee sur la Figure 1 9, ot laditc cysteine non-naturcllc sc trouvc sur Ic site N-tcrminal, sur Ic site C-tcrminal 
ou sur les numerosde r6sidu 1. 14 ou 105. 

^35 17. Acide nucleique comprenant une sequence choisie parmi les sequences suivantes : 

(i) la sequence d'ADN representee sur la Figure 13, 

(ii) la sequence d'ADN representee sui ta Figuie 20, 

(iii) la sequence d'ADN representee sur la Figure 21, 
40 (iv) la sequence d'ADN representee sur la Figure 37, 

(v) la sequence d'ADN representee sur la Figure 39, 

(vi) un fragment de (i), (ii), (iii). (iv) ou (v) codant un polypeptide ayant une activite inhibitrice du TNF. 

(vii) une sequence qui est un produit de degeneiescence de (i), (ii), (iii) ! (iv), (v) ou (vi) ; codant un polypeptide 
ayant une activitd inhibitrice du TNF, 

*5 (viii) une sequence complementaire de (i). (ii), (iii), (iv), (v), (vi) ou (vii) : 

(ix) une sequence qui s'hybride a (viii) et qui code un polypeptide ayant une activite inhibitrice du TNF 

18. Inhibiteur du TNF selon Tune quelconque des revendications 1 &9. pour utilisation dans letraitementd'unemaladie 
a medial ion par Is TNF. 

so 

19. Inhibiteur du TNF selon Tune quelconque des revend ; cations 1 li 9 : pour utilisation dans ieiraitementd'unemaladie 
a mediation par ie TNF en combinaiscn avec un inhibiteur de l'IL-1. 

20. Utilisation de I'inhibiteur du TNF selon Tune quelconque des revendications 1 k 9 pour preparer un medicament 
destine a traiter ou prevenir les maladies a mediation par le TNF 

21. Utilisation selon la revendication 20, dans laquelle lodtt medicament comprend en outro un inhibiteur de l'IL-1. 
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22. Vecteur com pr en ant une sequence d'acides nucleiques selon la revendication 17. 

23. Cellule hate con tenant une molecule d'ADN recombinant, comprenant une sequence d'acide nucl6ique selon la 
revendication 17. 

24. Cellule hdte selon la revendication 23, qui est une cellule procaryote. 

25. Cellule hdte selon la revendication 24, qui est un £ coli. 

26. Cellule note selon la revendication 23, qui est une cellule eucaryote. 

27. Cellule hdte selon la revendication 26, dans laquelle ladile cellule eucaryote est une cellule de mammifere. 

28. Cellule hole selon la revendication 27 dans laquelle ladile cellule de mammifere est une cellule de I'ovaire du 
hamster chinois. 



Revindications pour I'Etat contractant eulvant : ES 

1. Proccdc pour produirc un inhibitcurdu TNF, qui comprcnd : 

(a) a cultiver dans des conditions convenant a. I'expression dudit inhibiteur du TNF une cellule-hate contenant 
un acide nucleique comprenant une sequence choisie parmi ('ensemble des sequences suivantes : 

(i) la sequence d'ADN representee sur la Figure 13 ou une portion codante de carte sequence : 
(it) la sequence d'ADN representee sur la Figure 20 ou une portion codante de celte sequence ; 

(iii) la sequence d'ADN representee sur la Figure 21 ou une portion codante de cette sequence ; 

(iv) la sequence d'ADN representee sur la Figure 37 ou une portion codante de cette sequence ; 

(v) la sequence d'ADN representee sur la Figure 39 ou une portion codante de cette sequence ; 

(vi) une sequence qui est degeneree dans les regions cod antes ou leurs portions de (i), (ii), (iii), (iv) et (v) ; 

(vii) une sequence qui s'hybride a une sequence d'acides nucleiques qui est compiementaire de (i), (ii). 
(iii), (iv), (v) ou (vi) ; 

(b) a recotter ledit inhibiteur. 

2. Precede selon la revendication i . qui com p rend en outre avant I'etape (a) les etapes consistant : 

I) a preparer un acido nucl6ique comprenant una sequence choisie parmi I'ensemble de sequences suivant : 

(i) la sequence d'ADN representee sur ia Figure 13 ou une portion codante de cette sequence ; 

(ii) la sequence d'ADN representee sur la Figure 20 ou une portion codante de cette sequence ; 

(iii) la sequence d'ADN representee sur la Figure 21 ou une portion codante de cette sequence ; 

(iv) la sequence d'ADN representee sur la Figure 37 ou une portion codante de cette sequence ; 

(v) la sequence d'ADN representee sur la Figure 39 ou une portion codante de cette sequence ; 

(vi) une sequence qui est degeneree dans les regions codantes ou leurs portions de (i), (ii), (iii), (iv) et (v) ; 

(vii) une sequence qui s'hybride a une sequence d'acides nucidiques qui est compiementaire de (i), (ii), 
(iii), (iv), (v) ou (vi) ; 

II) a doner la sequence d'ADN dans un vecleur pouvanl elre iransfere el replique dans une cellule enliere, 
ledit vecteur contenant des elements operationnels necessaires a ('expression de la sequence d'ADN ; 

III) 3 transferer le vecteur contenant la sequence d'ADN de synthese et les elements operationnels dans un 
note capable d'exprimer PADN codant I'inhibiteordu TNF 

3. Precede selon la revendication 1 , qui comprend en outre I'etape consistant 

(c) d permettre a ('inhibiteur de prendre une structure tertiaire active : grace a laquelle il possede une activite 
inhibitrice du TNF. 

4. Precede selon la revendication 1, dans lequel ledit inhibiteur du TNF comprend la sequence d'acides amines 
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representee 

(i) sur la Figure 19, 

(ii) sur ta Figure 38 

5 (iii) par les residus 1 a 184 ressortant de ta Figure 38 (inhibiteur A51 de 40 kDa), ou 

(iv) par les residus 1 a 182 ressortant de la Figure 38 (inhibiteur A53 de 40 kDa). 

5. Proc6d6 seton la revendication 1 ; dans lequol ledit inhibiteur du TNF a un r6sidu de cysteine non-naturel sur le 
site C-terminal, le site N-terminal ou un site de glycosylate dudit inhibiteur. 

10 

6. Procede selon la revendication 5, dans lequel ledit inhibiteur du TNF comprend la sequence d'acides amines 
representee sur ta Figure 1 9, et ladite cysteine non-naiurelle se trouve sur le site N-terminal t sur le site C-terminal 
ou sur tes numeros de residu 1 : 1 4 ou 1 05. 

*5 7. Procede selon la revendication 6, dans lequel ledit inhibiteur du TNF est lie a un materiau polyrnere a grande 
masse moleculaire. 

8. Proc6d6 selon la revendication 7 . dans lequel ledit materiau polyrnere a grande masse moleculaire est le polye- 
thyleneglycol. 

20 

9. Proc6d6 pour preparer una composition pharmaceuttqje comprenant I' inhibiteur du TNF, dans lequel ('inhibiteur 
du TNF produit selon Tune quelconque des revendications 1 a 8 est combine" d'une maniere connue en soi a un 
excipient acceptable d'un point de vue phamnaceutique. 

25 io. Precede pour preparer un acide nucleique, dans lequel on synthase d'uno man<ere conn u a en soi un acide nu- 
cleique comprenant une sequence choisie parrni les sequences suivantes 

(i) la sequence d'ADN representee sur la Figure 13, 

(ii) la sequence d'ADN representee sui la Figure 20. 
30 (iii) la sequence d'ADN representee sur la Figure 21 , 

(iv) la sequence d'ADN representee sur la Figure 37, 

(v) la sequence d'ADN representee sur la Figure 39, 

(vi) un fragment de (i). (ii) : (iii), (iv) ou (v) codant un polypeptide ayant une activity inhibitrice du TNF, 

(vii) une sequence qui est un produit de d£g6n£rescence de (i), (ii), (iii), (iv), (v) ou (vi) : codant un polypeptide 
55 ayant une activite inhibitrice du TNF, 

(viii) une sequence compiementaire de (i), (ii), (iii), (iv) : (v), (vi) ou (vii), 

(ix) une sequence qui s'hybride a (vii) et qui code un polypeptide ayant une activite inhibitrice du TNF. 

11. Procede pour preparer un vecteur recombinant, dans lequel on reunit a un AON de vecteur d'une maniere connue 
*o en soi une sequence d'acides nucleiquos telle que pouvani etre obtanue selon la revendication 1 0. 

12. Procede pour preparer une cellule hote ; qui comprend a introduce dans une csllule hote voulue une sequence 
d'ADN pour g6nerer une molecule d'ADN recombinant ccntenant une sequence d'acides nucieiques telle que 
pouvant §tre obtenue selon la revendication 10. 

45 

13. Procedd selon la revendication 12 : dans lequel la cellule hote est une cellule procaryote. 

14. Proc6d6 selon la revendication 1 3 : dans lequel la cellule hate est un £f. coli. 

50 15. Procede selon la revendication 12. dans lequol la cellule* hote est une cellule eucaryote. 

16. Procede selon la revendication 15 ; dans lequel ladite celiule eucaryote est une cellule de mammrfere. 

17. Procede selon la revendication 16 t dans lequel ladite cellule de mammifere est une celiule de I'ovaire du hamster 

55 chinois. 
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Revendications pour I'Etax contraetant I vent : GR 

1 . Inhibiteur du facteur de necrose tumorale (TNF), comprenant la sequence d'acides amines presentee sur la Figure 
1 9, ou ledit inhibiteur est produil dsns une cellule hdte qui n'est pas capable de glycosylation, ou qui est une cellule 
non-humaine capable de glycosylation. 

2. Inhibiteur du facteur de necrose tumorale (TNF), qui est non-g!ycosyle et a une masse moleculaire d'environ 13 
kDa. 

3. Inhibiteur du TNF sslon la revendication 2, dans lequel ledit inhibiteur du TNF est produit par les methodes ds 
recombinaison de I'ADN. 

4. Inhibiteur du TNF comprenam la sequence d'acides amines representee par ies residus 1 a 235 de la Figure 36 
(inhibileur de 40 kDa), ou paries residus 1 a 192 de la Figure 38 (inhibiteur A53 de 40 kDa), ou par les residus 1 
a 184 de la Figure 33 (inhibiteur A51 de 40 kDa). 

5. Inhibiteur du TNF selon la revendication 4 t dans lequel ledit inhibiteur du TNF est produit dans une cellule hote 
qui n'est pas capable de glycosylation, ou qui est une cellule non-humaine capable ce glycosylation. 

6. Inhibiteur du TNF comprcnant la sequence d'acides amines rcssortant des Figures 19 ou 38, sauf que I'acidc 
amind sur le site N -terminal sur le site C-terminal ou sur un site ce glycosylaticn, est remplace par un residu de 
cysteine. 

7. Inhibiteur du TNF selon la revendication 6, dans lequel ledit inhibiteur du TNF a la sequence d'acides aminds 
representee sur la Figure 19, et lad.te cysteine non-natureile so trouve sur los r.umeros do residu 1. 14 ou 105. 

8. Inhibiteur du TNF selon Tune quelconque des revendications 1 a 3 et 6 ; dans iequel ledit inhibiteur du TNF est lie 
a. un materiau polymere a grande masse moleculaire. 

9. Inhibiteur du TNF selon la revendication 8, dans lequei ledit materiau polymere a grande masse moleculaire est 
le poly&hyleneglycol. 

10. Proc6d6 pour preparer une preparation pharmaceutique, qui comp rend a. combiner I'inhibiteurdu TNF selon Tune 
quelconque des revendications 1 & 9 et un excipienl acceptable d'un point de vue pharmaceutique. 

11. Precede pour produire un inhibiteur du TNF, qui comprend : 

(a) a. cult iver dans des conditions convenant & ('expression dudit inhibiteur du TNF une cellule-hdle contenant 
un acide nucleique comprenant une sequence choisie parmi 1'ensemble des sequences suivantes : 

(i) la sequence d'ADN representee sur la Figure 1 3 ou une portion codanle de cette sequence : 

(ii) la sequence d'ADN representee sur la Figure 20 ou une portion codante de cette sequence ; 

(iii) la sequence d'ADN representee sur la Figure 21 ou une portion codante de cette sequence ; 

(iv) la sequence d'ADN representee sur la Figure 37 ou une portion codante de cette sequence ; 

(v) la sequence d'ADN representee sur : a Figure 39 ou una portion codanle de cette sequence ; 

(vi) une sequence qui est d6gene>6e dans; les regions codantes ou leurs portions de (i), (it) : (hi) : (iv) et (v) ; 

(vii) une sequence qui sTtybride & une sequence d'acides nucteiques qui est compleYnentaire de (i), (ii), 
(iii), (iv), (v) ou (vi) ; 

(b) a recolter ledit inhibileur. 

12. Precede selon la revendication 11 , qui comprend en outre, avant i'etape (a) les et&pes consistant : 

I) h preparer un acide nucleique comprenant une sequence choisie parmi ('ensemble de sequences suivant : 

(i) la sequence d'ADN representee sur la Figure 13 ou une portion codante de cette sequence ; 

(ii) la sequence d'ADN representee sur la Figure 20 ou une portion codante de cette sequence ; 

(iii) la sequence d'ADN representee sur la Figure 21 ou une portion codante de cette sequence ; 
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(iv) la sequence d'ADN representee sur la Figure 37 ou une portion codante de cene sequence ; 

(v) la sequence d'ADN representee sur la Figure 39 ou une portion codanle de celle sequence ; 

(vi) une sequence qui est degeneree dans les regions codantes ou leurs portions de (i), (ii), (iii), (iv) et (v) ; 

(vii) une sequence qui s'hybride a une sequence d'acides nucleiques qui est complements re de (i), (ii), 
s (iii), (iv), (v) ou (vi) ; 

II) a doner la sequence d'ADN dans un vecteur pouvant etre transfere et replique dans une cellule entiere, 
ledit vecteur contenant des elements operationnels necessaires a I'expression de la sequence d'ADN ; 

III) a transferer le vecteur contenant la sequence d'ADN de synthese et les elements operationnel6 dans un 
to note capable d'exprimer I'ADN codant I'inhibiteur du TNF. 

13. Proc6de seton la revendication H , qui comprend en outre I'etape consistant 

(c) a permettre a i'inhibiteur de prendre une structure tertiaire active, grace a laquelle il possede une activity 
inhibilrice du TNF. 

15 

14. Procecie selon la revendication 11, dans lequel ledit inhibiteur du TNF comprend la sequence d'acides amines 
representee 

(i) sur la Figure 19, 
20 (ii) sur la Figure 38, 

(iii) par les residus 1 a 184 ressortant de la Figure 38 (inhibiteur A51 de 40 kDa) : ou 

(iv) par les residus 1 a 182 ressortant de la Figure 38 (inhibiteur A53 de 40 kDa). 

15. Proceed selon la revendication 11 , dans lequel ledit inhibiteur du TNF a un residu de cysteine non-naturel sur le 
25 site C-terminal, le site N-terminal ou un site de glycosylation dudit inhibiteur 

16. Procede selon la revendication 15, dans lequel ledit inhibiteur du TNF comprend la sequence d'acides amines 
representee sur la Figure 1 9, et ladite cysteine non-naturelle se trouve sur le site N-terminal, sur le site C-terminal 
ou sur les numSros de residu 1 , 1 4 ou 1 05. 

30 

17. Acide nucleique comprenant une sequence choisie parmi les sequences suivantes : 

(i) la sequence d'ADN representee sur la Figure I3i 

(ii) la sequence d'ADN representee sur la Figure 20, 
35 (iii) la sequence d'ADN representee sur la Figure 21, 

(iv) la sequence d'ADN representee sur la Figure 37, 

(v) la sequence d'ADN representee sur la Figure 39, 

(vi) un fragment de (i). (ii) : (iii), (iv) ou (v) codant un polypeptide ayant une activite inhibitrice du TNF, 

(vii) une sequence qui est un produit de degenerescence de (i), (ii), (iii), (iv), (v) ou (vi) ; codant un polypeptide 
*o ayant une activite inhibitrice du TNF, 

(viii) une sequence complementaire de (i). (ii), (iii). (iv). (v), (yi) ou (vii), 

(ix) une sequence qui s'hybride a (viii) et qui code un polypeptide ayant une activite inhibitrice du TNF. 

18. Inhibiteur du TNF selon I'une quelconque des rovendications 1 a 9 ; pour utilisation dans letraitementd'unemaladie 
45 a mediation par le TNF 

19. Inhibiteur du TNF selon I'une quelconque des revendications 1 a 9 ; pour utilisation dans letraitementd'unemaladie 
a mediation par le TNF en combinaison avec un inhibiteur de l'IL-1 . 

50 20. Utilisation de I'inhibiteur du TNF selon I'une quelconque des revendications 1 a 9 pour preparer un medicament 
destine a traiter ou prevenir les maladies a mediation par le TNF 

21. Utilisation selon la revendication 2C, dans laquelle ledit medicament comprend en outre un inhibiteur de l'IL-1. 

55 22. Vecteur comprenant une sequence d'acides nucleiques selon la revendication 17. 

23. Cellule note contenant une molecule d'ADN recombinant, comprenant une sequence d'acide nucleique selon la 
j- revendication 17. 
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Cellule h6te selon la revendication 23, qui est une C9llule procaryote. 
Cellule hdte selon la revendication 24, qui ost un E. colt. 
Cellule hote selon la revendication 23, qui est une cellule eucaryote. 

Cellule hote selon la revendication 26, dans laquelle lad it e cellule eucaryote est une cellule de mammrfere. 

Cellule hdte selon la revendication 27, dans laquelle ladite cellule de mammifere est une cellute de I'ovaire du 
hamster chinois. 
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FIG. 6B 
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FIG. 7 
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FIG.8B 
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FIG.9A 
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FIG.9B-2 
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FIG.I3 

CATGCCTGCA CGTCGACTCT ACAGGATCTC GGGCCTACTA OCTnGAGTT G&CCCAACAA AAATGAAC&C 
BE 90 DO TO 120 130 U 

ACAGGACAAC IAGAGAACAA TTAAGCATCA GATTCTATCC CCCAACTGTC TAAGTTTCAA GGAAGAACTC 

150 S3 170 180 190 200 210 
TAAACTTAGI GACTCCCGTG GCCTOGCCGG AAJGTT1CAC TGAGGAAGGA CTTGAGCCAG GGAAGTTTTA 

22€ 730 24C 250 260 270* 280 

GATCTGCTAC CCC1AAGCTT CCCATCCCTC CCTCTCTTGA IGGTGTCTCC TCTA7CTGAT TCnCCCCAG 

289 298 307 316 325 334 

Vol Leu Leu Glu Leu Leu Vol Gly He Tyr Fro Ser Gly Vol He Gly Leu Vol 
30 352 351 370 379 388 

CCT CAC CIA GGG GAC AGG GAG AAG AGA GAT ACT GTG TGT CCC CAA GGA AAA IAT 
fro His Leu Gly Asp Arg Glu Lys Arg Asp Ser Vol Cys Pro Gin Gly Lys Tyr 
397 (£6 _ 415 424 433 444 

ATC CAC CCT CAA AAT AAT p ATT p W p AAG TGC CAC AAA G GTAGGGCAA 
lie His Pro Gin Asn Asn Ser He Cys Cys The Lys Cys His Lys Ala 

454 (64 474 484 494 504 514 

GTGGAAACGG TGAATGCCCT CAGGTCTGGG 6TGCTDCTTC TTTCTCTGC1 TCTTCCAGTT GnCTICCCT 

524 534 544 554 554 574 584 

AACTTTGCIG TCTCTCCTGG GCTGCGATTT TCTCCCTCCC TCCTCTCCTA CAGACTTCAG GGAATCGCCC 

594 604 614 624 634 644 654 

CTGGCTGTTG TCCCTAGCAT GGGGCTCCTT CCTTGTGTTC TCACCCGCAG CCTAACTCTG CGGCCCCATT 

654 673 682 691 700 

CA Cl GGA ACC TAC TTG TAC AAT GAC 1 GT CCA GGC KG GGG CAG GAT ACG GAC 
Gly Thr T/r Leu Tyr Asn Asp Cys Pro Gly Pro Gly Gin Asn Thr Asp 
709 718 727 _ _ 735 _ 754 

TGC AGG GAG TGT GAG AGC GGC TCC TTC ACC GCT TCA GTaaAC CAC CTC ATA CAC 
Cys Arg Glu Cys Glu Ser Gly Ser Phe Thr Ala Ser Glu Asn His Leu Arq His 
763 772 78 i 797 807 BT7 

TGC "CTC IGC TGC TK aTaTK B5Z KZG GGTGAGTGTG CACAGGCAGG AGAGTCAGGC 
Cys Leu Ser Cys Ser Lys Cys Arq Lys 

827 837 847 857 867 877 887 
GGGTCTTGAG TGGTGTGTGG GTGCCTGTCT ATGTGXAGGC TGGTGGGTGT GGGCAGGAAG GTGTGTGTTT 

897 907 917 927 337 947 957 
TGGTGGGACA CTGCATGGAT GTGAGTGTGT ATTACAGAGA CACACACTIA GGGCIATGTC AGGAAGGGGA 

967 977 387 997 1007 1015 

TGCAGGGACA GGAGGATGCA GGACTCAIAC CCCATCTTCl CCCCTCACCA GIaaTG G6T Q5 

Glu MET Gly Gin 

X2j 
Val Glu He 
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FIG.I5 
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